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Modulation of Apoptotic and Akt/PI3K/mTOR pathways to target Glioblastoma

CeIIs using synthetic compound PGEA-AN

Abstract

Objective: To investigate the anticancer potential of a novel synthetic derivative of a naturally occurring
diterpenoid against glioblastoma.

Method: The in vitro study was conducted at the Ojha Campus of Dow University of Health Sciences, Karachi, from
February to December 2021, and comprised U87 cells. The 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide assay was used to determine the growth inhibitory effect of 16(R and S) - phenylamino-cleroda3s, 13(14) Z-
diene-15, 16 olide and standard drug temozolomide against glioblastoma cells, and half-maximal inhibitory
concentration was calculated. Microscopy and immunocytochemistry were used to investigate apoptotic
morphology and active caspase-3 and B-cell lymphoma 2 (Bcl-2) expression. Quantitative real time polymerase
chain reaction was used to investigate the expression of proliferation markers. Data was analysed using SPSS 21.
Results: Both the synthetic derivative and the standard drug significantly inhibited growth of U87 cells (p<0.001)
with half-maximal inhibitory concentration of 19uM and 185uM, respectively. Apoptotic morphology and
upregulation of active caspase-3 protein expression was observed in cells treated with half-maximal inhibitory
concentration doses of both the synthetic derivative (p<0.05) and the standard drug (p<0.001), and Bcl-2 was down-
regulated in both the synthetic derivative (p<0.01) and the standard drug (p=0.05). However, no significant
difference was observed in the expression of proliferation markers (p>0.05).

Conclusion: The synthetic diterpene derivative PGEA-AN showed growth inhibitory actiity against glioblastoma.
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Introduction

Glioblastoma (GBM) transpires from supporting cells,
astrocytes, of the brain." GBM covers approximately 80%
of all gliomas and about 60% of adult neurological
cancers? and it has been designated as a highly invasive
grade IV tumour by the World Health Organisation
(WHO).3 Worldwide incidence of GBM is <10 per 100,000.
Highest incidence is between those aged 55-60 years, but
it can occur at any age. About 2.5% of deaths are due to
malignant gliomas, making it the 3rd most common
cause of cancer-related deaths in individuals aged 15-34
years.# Despite several international efforts, GBM
treatment is still an exigent task in clinical oncology.
Standard treatment regime of GBM is the maximum safe
resection followed by radiotherapy and chemotherapy by
temozolomide (TMZ), along with effective palliative care
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to the patients, but the end consequences are still
distressing. TMZ is an oral alkylating agent that
methylates deoxyribonucleic acid (DNA) at Nitrogen 7 (N7
) and oxygen 6 (06) position on guanine (G) and blocks
the growth 2-mitotic (G2-M) phase of cell cycle via
disrupting the DNA mismatch repair system.> The
pathogenesis of GBM is composite, and involves network
of interconnected signalling pathways. Flaws of apoptosis
are not only a usual incidence in the development of
cancer, but also give rise to poor response to medication.
There are two main apoptotic pathways, the intrinsic
pathway that makes a move via damage to mitochondria,
and the extrinsic pathway that takes measure via death
receptors on cell surface followed by sequential cell
signalling events leading to apoptosis. Caspase-3, an
important promoter and executor of apoptosis, is
common to both the pathways. B-cell ymphoma 2 (Bcl-2)
is an anti-apoptotic protein and has an important role in
the regulation of intrinsic apoptotic pathway. It controls
permeability of transition pores of outer mitochondrial
membrane by blocking pro-apoptotic proteins, like Bcl-2-
associated X protein (BAX) and Bcl-2 antagonist killer 1
(BAK), resulting in inhibition of cytochrome c release from
mitochondria and stave off the genesis of apoptosome,
activation of caspases and eventually cell demise.67
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Overexpression of Bcl-2 has also been observed in GBM.
Deregulation of Bcl-2 family proteins are responsible for
imparting hostility of GBM cells to antineoplastic
treatment by disrupting the apoptotic pathways®
Another influential signalling cascade disrupted in >75%
cases of GBM is protein kinase B-phosphoinositide 3-
kinase-mammalian target of rapamycin (Akt/PI3K/mTOR)
pathway. It is responsible for maintaining cellular survival,
proliferation and metabolism.8 Identification of new
compounds that can target these two pathways is
imperative for the treatment of GBM and to overcome
treatment resistance.

The 16-Oxo-cleroda -3,13 (14) E- diene -15 oic acid is a
bio-privileged diterpenoid of well-reputed medicinal
plants polyalthia longifolia and polyalthia longifolia var.
pendula, possessing various biological activities.9-15
Recently, its novel synthetic derivatives, including 16(R
and S) — phenylamino-cleroda3, 13(14) Z-diene-15, 16
olide (PGEA-AN), have been prepared's of which PGEA-AN
has shown to impede the proliferation of neuroblastoma
cells by inducing apoptosis.’® PGEA-AN prominently
augmented the expression of tumour protein p53 (P53)
and BAX. The compound has also shown to be less toxic
than cisplatin.’® However, to our knowledge, the activity
of this novel diterpenoid has not been investigated in
GBM yet. The current study was planned to fill the gap in
literature by exploring the anticancer potential of PGEA-
AN against glioblastoma.

Materials and Methods

The in vitro study was conducted at the Ojha Campus of
Dow University of Health Sciences, Karachi, from February
to December 2021.

PGEA-AN is a synthetic compound which was prepared by
the collaborating chemist from a diterpenoid 16-Oxo-
cleroda -3,13 (14) E- diene -15 oic acid isolated from
polyalthia longifolia var. pendula.#15- TMZ was obtained
from the market (Sigma Chemical Company, St. Louis,
United States). Compounds were dissolved in sterile 100%
Dimethyl sulfoxide (DMSO) to prepare stock solution of
50mM and stored at -20°C. Stock solutions were diluted in
culture media to prepare various test doses.

Human GBM cell line U-87 was acquired from American
type tissue culture collection (ATCC, USA). The cells were
maintained in complete media with 10% foetal bovine
serum (FBS), 1% each of penicillin and streptomycin,
sodium pyruvate, L-glutamine and amphotericin B. A
haemocytometer (Pericolor HBG, Germany) was used for
cell counting. The cells were kept in incubator with
humidified atmosphere at 37°C and 5% of carbon dioxide
(CO,).17
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The 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay was used to analyse the effect of test
compounds on percentage inhibition of growth in the
cells. Briefly, mono-layer of the cells in the flask was
trypsinised using trypsin and =3000 cells/100uL of
complete media was dispensed in 96-well plates. After 24
hours, when the mono-layer was formed, the media was
removed, and test concentrations of compounds PGEA-
AN and TMZ in complete-media having 2% FBS were
added to the cells after incubation for 48 hours at 37°C
and 5% CO,. After the incubation, the media within the
96-well plates was discarded and 200uL of MTT dye
0.5mg/ml was added and incubated for 3 hours. After
incubation, the supernatant was removed and 100uL of
DMSO was added to the cells. Enzyme-linked
immunosorbent assay (ELISA) reader (Bio.Tek, US) was
used to record the absorbance at 490nm of wavelength.
The assay was performed in triads at least thrice. The
percentage of growth inhibition was determined by the
formula:

% growth inhibition of cells = 100- [(At - Ab)/ (Ac - Ab)]
*100.17

The half-maximal inhibitory concentration (IC50) was
computed by the equation:

|C50: (X2 - X]) X (50' Yl) / (Y2 - Yl) +X1

in which X! and X2 denoted maximum and minimum
doses to be utilised, and Y! and Y2 denoted the mean
percentage of viable cells at the maximum and minimum
used doses.”

The cells were treated with 10uM, 20uM and 30uM doses
of PGEA-AN, and with 30uM, 40uM, 50uM, 100uM, 200uM
of TMZ.

Mono-layer of U87 cells in a 6-well plate was treated with
IC50 of PGEA-AN and TMZ, while DMSO was taken as a
vehicle control. After 48 hours, the cells were observed
under inverted microscope (Leica, Germany) and the
images were captured at 20X magnification.

For analysing the effect of PGEA-AN on the expression of
active caspase-3 and Bcl-2, the cells were plated in a 24-
well plate and the mono-layer was treated with IC50 dose
of PGEA-AN, TMZ and DMSO for 48 hours at 37°C and 5%
of CO, The cells were treated for 48 hours, and then
rinsed with phosphate buffer saline (PBS) and fixed with
paraformaldehyde 4%. The cells were then dipped in
triton 0.1% and blocked with a blocking solution (ROTI,
Block, Germany). The cells were washed with PBS and
incubated with rabbit anti-cleaved caspase-3 antibody
(Santa Cruz Biotechnologies, Dallas, US) and polyclonal
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antibody to Bcl-2 (Cloud-Clone Crop, US) at 4°C lasting for
one night. The following day, the cells were washed with
PBS. Secondary antibody (Alexa-Flour, 46 anti-rabbit 19G,
Invitrogen/Life Technologies, USA) in PBS was used to
incubate the cells for 1 hour at room temperature. The
cells were then washed again with PBS, and 4',6-
diamidino-2-phenylindole (DAPI) was used to counter-
stain. The stained cells were mounted with mounting
media and envisioned under a fluorescent microscope.
ImageJ software (National Institutes of Health, US) was
used for the quantification of the images.'8

Ribonucleic acid (RNA) extraction was done using an
extraction kit (NucleoSpin RNA Plus, A Takara Bio, Japan)
as per the manufacturer’s protocol. Briefly, U-87 cells were
seeded in 6-well plates and the mono-layer was treated
with 1Cs, concentrations of PGEA-AN, TMZ and DMSO for
48 hours. The extracted RNA was checked for its integrity
using gel electrophoresis. Concentration and purity of
RNA was determined using a spectrophotometer
(NanoDrop, Thermo Scientific, USA). Complementary
DNA (cDNA) was synthesised from 1ug of template RNA
using a kit (Applied Biological Materials, Canada) as per
the manufacturer’s protocol.

The cDNA was subjected to quantitative real time-
polymerase chain reaction (qRT-PCR) (Applied Biological
Material, Canada). The primer sequences (Bio Basic Inc.,

us) used were: Akt (forward,5’-
TCTATGGCGCTGAGATTGTG -
3'reverse5'CTTAATGTGCCCGTCCTTGT-3'), PI3K

(forward5'-GGTTGTCTGTCAATCGGTGACTGT-3")
(reverse5’'GAACTGCAGTGCACCTTTCAAGC -3’), mTOR
(forward 5'-GCTTGATTTGGTTCCCAGGACAGT-3') (reverse
5'-GTGCTGAGTTTGCTGTACCCATGT-3') B-Actin (forward
5'-TGGGCATGGGTCAGAAGGATTC-3')  (reverse  5'-
AGGTGTGGTGCCAGATTTTCTC- 3'.

The fold change in the expression of each gene of treated
and untreated cells was calculated using 2-delta-delta
cycle threshold (2-2ACT) method.'® B-Actin was used as an
internal control.16

Data was analysed using SPSS 21 software. Data was
expressed as mean = standard error of the mean (SEM) of
separate experiments (n=3) and compared using one-way
analysis of variance (ANOVA), followed by Bonferroni
post-hoc test. P<0.05 was considered statistically
significant.

Results
IC50 for PGEA-AN (Figure 1a) and TNZ (Figure 1b) was
19uM and 185uM, respectively.
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The cells in the control group showed normal
morphology, like adherent cells with star-shaped body
and centrally placed nucleus (Figure 1C.i). In the PGEA-AN
group (Figure 1c.ii) and TMZ group (Figure 1C.iii) the cells
changed their shape, became rounded, their connections
and processes became loose and the size appeared to be
small. Cells became unadhered from the flask and
neighbouring cells, and detached from the surfaces.

Photomicrograph analysis showed there was significant
upregulation of active caspase-3 expression in PGEA-AN
(p<0.05) and TMZ (p<0.001), and the integrated density
computed in PGEA-AN was 62.23+3.2 and in TMZ
103.84+5.9. In the control group, it was 31.09+4.2. It was
further observed that active caspase-3 expression was
elevated significantly in the TMZ group compared to
PGEA-AN (p<0.01) (Figure 2A-B).

Significant downrigger of Bcl-2 expression was observed
in PGEA-AN (p<0.01) and TMZ (p=0.05) groups compared
to the control group. Quantitative expression in PGEA-AN
was 19.03+3.34 and it was 57.71+£14.8 in TMZ. In the
control group it was 137.59+25.6. No significant
difference was found in Bcl-2 expression between TMZ
and PGEA-AN (p>0.05) (Figure 2C-D)

Expression of Akt, PI3K and mTOR messenger RNA
(mRNA) was also noted (Figure 3A-C).

Discussion

The present study demonstrated significant apoptotic
activity of aniline-derived synthetic compound PGEA-AN
against GBM. Dose-dependent cytotoxicity of PGEA-AN
was observed against GBM cells and ICy, was remarkably
lower than the standard TMZ drug, which showed its
potential against GBM. It has been reported that
deregulated apoptotic pathways are one of the important
and well-established causes in the development of cancer
and its treatment resistance.20 The present study
demonstrated that active caspase-3 expression was
significantly upregulated when exposed to PGEA-AN and
TMZ compared to control. Although PGEA-AN-induced
upsurge in active caspase-3 was less than TMZ, the effect
was produced at a dose much lower than TMZ, which
showed its potential against GBM. The dose at which
PGEA-AN induced 50% growth inhibition of GBM cells was
also quite low compared to the TMZ dose. This supported
the idea that there could be a dual mechanism through
which PGEA-AN executes apoptosis. It might involve
execution of caspase-dependent as well as caspase-
independent apoptosis.?2!

Downrigger of anti-apoptotic Bcl-2 marker was observed
in TMZ and PGEA-AN group. Results showed more potent
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Figure-1: Effect of 16(R and S) — phenylamino-cleroda3, 13(14) Z-diene-15, 16 olide (PGEA-AN) and temozolomide (TMZ) on growth and morphology of U87 cells after 48 hours of
treatment. Bars represents the mean =+ standard error of the mean (SEM) of 3 independent experiments. Both PGEA-AN (a) and TMZ (b) inhibited the growth of U87 cells in dose-
dependent fashion and half-maximal inhibitory concentration (IC50) was achieved at 19uM and 185uM, respectively. There was significant difference between the treated groups and
the control group (***p<0.001). Bonferroni’s post-hoc test was applied which revealed a significant difference within different consecutive groups of both PGEA-AN and TMZ. There
were significant differences (###p<0.001 and #p<0.05). Representative photomicrographs of the human U87 cells in the control group showed adherent star shaped cells (c i), and
apoptotic morphology in PGEA-AN (cii) and TMZ group (ciii). Cells with apoptotic morphology are indicated by arrow heads. All experiments were performed thrice in triplicates.

effect of PGEA-AN on Bcl-2 at low dose compared to TMZ.
It has been reported that PGEA-AN noticeably
upregulates pro-apoptotic protein BAX. While it is an
established fact that Bcl-2 inhibits apoptosis by
antagonising proapoptotic protein BAX, the elevated
expression of BAX under the influence of PGEA-AN might
be due to the inhibition of Bcl-2. It can be assumed that
down-regulation of Bcl-2 might have increased BAX-to-
Bcl-2 ratio which leads to cell death via apoptosis through
inhibition of mitochondrial pathway.6 Similar increase in
BAX-to-Bcl-2 ratio was also observed in TMZ-treated
cells.22 Several studies have shown the apoptotic activity
of terpenes, but at much higher doses compared to PGEA-
AN.23. 24 Further, it has already been reported that it is less
nephrotoxic than cisplatin.1¢

Open Access

Besides apoptotic pathways, there are several other
pathways that are also crucial for the maintenance and
survival of cells. Among these pathways, Akt/PI3K/mTOR
pathway was chosen in the current study as it is well-
established that this pathway is disrupted in >75% cases
of GBM.” Analysis of mRNA expression of target genes of
Akt pathway. i.e. Akt, PI3K and mTOR, was also done after
PGEA-AN treatment. Results showed no significant
difference in the expression of these markers among
treatment and control groups. This indicates that there
might be no effect of TMZ and PGEA-AN at the mRNA
level of GBM. Further, PI3K and mTOR showed apparent
surge of expression in the treatment groups, but the
results were not statistically significant. In the light of
these observations, it can be summed up that TMZ and
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Figure-2 : Representative photomicrographs and bar graphs showing the expression of active caspase-3 and Bcl-2 in U87cells. The human U87 cells were treated
with half-maximal inhibitory concentration (IC50) doses of temozolomide (TMZ ) and 16(R and S) — phenylamino-cleroda3, 13(14) Z-diene-15, 16 olide (PGEA-AN)
for 48 hours. The cells were envisioned by fluorescence microscopy with 20X magnification. (a) Photomicrographs showing noticeable increase in expression of
active caspase-3 in both the treatment groups. (b) Graphical representation of active caspase-3 expression showing mean + standard error of the mean (SEM) of
three independent experiments. Active caspase-3 gene expression was significantly increased in the treated groups compared to the control group (*** p<0.001
and *p<0.05), and between treatment groups (##p<0.01). (c) Photomicrographs showing noticeably high expression of Bcl-2 in the control group compared to
the treated groups. (d) Graphical representation of Bcl-2 expression showing mean + SEM of three independent experiments. Bcl-2 gene expression was decreased
in TMZ and PGEA-AN groups compared to the control group (*p=0.05 and **p <0.01). All experiments were performed thrice in triplicates.
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PGEA-AN might have no effect on Akt, PI3K and mTOR
expression at least at the mRNA level. Previous studies
have shown down-regulation of these markers at protein
level when treated with TMZ.25 However, no data is
available regarding the effect of PGEA-AN on these
markers at mRNA level. These results indicate that PGEA-
AN inhibited growth of GBM cells via inducing apoptosis
and irrespective of PI3K/Akt/mTOR pathway.

The current study has limitations as it was an in vitro
study. In vivo and mechanistic studies are required to
validate the anti-GBM effect of PGEA-AN.

Conclusion

PGEA-AN showed growth inhibitory activity against GBM
U87 cells via induction of apoptosis, by modulating
apoptotic marker caspase-3 and anti-apoptotic marker
Bcl-2. Further, PGEA-AN and TMZ did not influence the
Akt pathway at the mRNA level.
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