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Sirtuins (SIRTs) which are nicotinamide adenine dinucleotide (NAD+)
dependent class III histondeacetylases have a controversial role in cancer. In
this study, the effect of pharmacological inhibition of AK-7, a SIRT2 inhibitor,
was investigated in U87 glioblastoma multiforme cells. The cytotoxic effect of
AK-7 was evaluated by XTT analysis. After AK-7 treatment, colony forming
capacity of cells was determined and apoptosis was evaluated. The expression
levels of apoptosis-related genes were determined by qRT-PCR. According to
the results, AK-7 inhibited cell proliferation in a dose- and time-dependent
manner. After AK-7 treatment, the colony forming capacity of U87 cells was
suppressed. And, AK-7 increased apoptosis rate, DNA fragmentation, and
caspase-3 activity. According to qRT-PCR, a significant increase was observed
in expression levels of apoptosis-related genes. This study revealed that AK-7
inhibits cell proliferation and induces apoptosis in glioblastoma multiforme
cells and SIRT2 inhibition can be evaluated as a therapeutic approach in
glioblastoma multiforme.
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Introduction

Glioblastoma multiforme is the most common primary
brain tumor, accounting for approximately 60% of all
brain tumors. The 5-year survival rate is approximately
5-10% and the median survival is 10 months (Taylor et
al., 2019). Treatment of glioblastoma multiforme inclu-
des radiotherapy and the use of temozolomide after
surgical resection (Salami et al.,, 2022). It is a highly
aggressive cancer with a high invasive ability. For this
reason, resistance to treatment may develop or treat-
ment can not be successful (Ghani et al., 2022). There-
fore, the identification of new molecular targets that can
be effective in glioblastoma multiforme will contribute
to the development of new therapeutic strategies.

Sirtuins (SIRTs), are nicotinamide adenine dinucleotide
(NAD+) dependent class III histondeacetylases and

regulate cellular functions through deacetylation of
proteins (Zhang et al., 2020). SIRT2 was the first SIRT
identified in Saccharomyces cerevisiae. In mammals, there
are 7 homologs (SIRT1-SIRT7) of SIRT2 which have a
highly conserved central NAD1 binding and a common
catalytic domain (Singh et al., 2018). Of these, SIRT1
and SIRT2 are localized in the nucleus and cytoplasm,
SIRT1 is predominantly in nucleus and SIRT2 is predo-
minantly in the cytoplasm. SIRT3, SIRT4, and SIRT5 are
mitochondrial SIRTs. SIRT6 is found in the nucleus
while SIRT7 is found in the nucleolus. The different
cellular localization of SIRTSs are indicative of their wide
range of biological roles such as regulation of cell cycle,
cell survival, apoptosis, lipid and glucose homeostasis,
metabolism, inflammation, DNA repair, genome stabi-
lity, and mitochondrial functions (Yamamoto et al.,
2007; Shoba et al.,, 2009; Villalba and Alcain, 2012;
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George and Ahmad, 2016). SIRTs are also associated
with various age-related diseases such as metabolic
disorders, neurodegenerative disorders, cardiovascular
disorders, and cancer (Westphal et al., 2007; Morris,
2012). However, the role of SIRTs in cancer is contro-
versial and complex. It is thought that the efficiency of
SIRTs in cancer may be related to various signaling
pathways as well as depending on the cancer type (Zhu
et al., 2019; Aventaggiato et al., 2021). Therefore, SIRTSs,
including SIRT2, can be considered both tumor suppre-
ssors and tumor promoters. However, the expression of
SIRT2, which is expressed in a wide variety of tissues,
especially the brain, is higher than the normal tissue in
neuroblastoma, uveal melanoma, renal cell carcinoma,
and acute myeloid leukemia (Wang et al., 2019; Chen et
al., 2020). Moreover, SIRT?2 is effective in the prolifera-
tion of glioblastoma cells (Funato et al., 2018). There-
fore, targeting SIRT2 with various small inhibitors in
cancer types, where it is highly expressed or effective
during tumorigenesis, may be an important therapeutic
approach. Indeed, pharmacological inhibition of SIRT2
has been shown to inhibit the growth of various cancer
cells (Cheon et al., 2015; Kozako et al., 2018; Ma et al,,
2018).

Therefore, it was aimed to investigate the anti-cancer
effect of AK-7, a SIRT2 inhibitor, on U87 human glio-
blastoma multiforme cells. For this, the effect of AK-7
on proliferation and colony forming capacity of glio-
blastoma multiforme cells was determined and the
apoptotic effect of AK-7 was evaluated with various
apoptosis-related assays.

Materials and Methods

Cell culture

The U87 glioblastoma multiforme cell line used in this
study was obtained from ATCC. The cells were cultur-
ed in high glucose (4.5 g/L) DMEM supplemented with
10%fetal bovine serum (FBS) and 1% penicillin-strepto-
mycin (v/v) at 37°C in a humidified atmosphere con-
taining 5%CO2. The culture medium was refreshed
every 2 days and cells were passaged when confluency
reached 80%.

Cell viability

To determine the cytotoxic ICsp (the half-maximal inhi-
bitory concentration) dose of AK-7 (Tocris Bioscience)
on U87 cell line, firstly, the cells were seeded in a 96-
well plate at a density of 2 x 103 cells/well and incuba-
ted at 37°C for 24 hours. Then, cells were treated with
AK-7 at different concentrations (5-250 pM) for 24, 48,
and 72 hours. Following treatment, 150 pL of XTT solu-
tion was added to each well and incubated at 37°C for 4
hours in the darkness. After the incubation, the absor-
bance of each sample was measured at a wavelength of
450 nm and 630 nm using a microplate reader (BioTek,

Epoch).
Colony formation assay

The colony formation assay was performed to evaluate
the effect of 75 and 100 uM doses of AK-7, on colony
forming capacity in U87 glioblastoma multiforme cells.
U87 cells were seeded in 6-well plates at a density of 2 x
103 cells/well. After 24 hours of incubation, 75 and 100
uM doses of AK-7 were treated in triplicate for 48 h.
The culture medium was refreshed every other day
until colonies were formed. After 8 days of culture, the
cells were washed with PBS. Then cells were fixed with
100% methanol at -20°C and stained with 1.0% crystal
violet for 10 min. After the cells were photographed
under an inverted microscope, each well of the dose
and control groups was counted. The average colony
numbers of each group were calculated and compared
statistically.

Annexin V/7-AAD analysis

To evaluate the apoptotic effect of AK-7 on U87 cells,
FITC annexin V apoptosis detection kit with 7-AAD
(BioLegend, 640922) was used. FITC annexin V apop-
tosis detection kit with 7-AAD can detect the rate of
necrotic, early apoptotic, and late apoptotic cells in the
cell suspension of dose and control group. For this ana-
lysis, U87 cells were treated with 75 and 100 uM doses
of AK-7 for 48 hours and then washed 2 times with cold
BioLegend's cell staining buffer. The cells were resus-
pended with annexin-V-binding buffer and after the
cells were transferred to a flow cytometry tube, 5 uL of
FITC annexin V and 5 puL of 7-AAD viability staining
solution were added to 100 pL of cell suspension.
Finally, the apoptotic effect of AK-7 was measured by
flow cytometry using FACSCanto (BD Biosciences).

Cell death detection assay

Cell death detection ELISAPLUS (Roche, 11774425001)
assay was used to evaluate the apoptotic effect in U87
glioblastoma multiforme cells treated with two differ-
ent doses (75 and 100 pM) of AK-7. This assay allows
the quantitative detection of DNA fragmentation occur-
ring during apoptosis. For the analysis of this assay,
cells were first seeded in 24-well plates at a density of 5
x 104 cells/well and then incubated for 24 hours.
Afterward, the cells were treated with 75 and 100 uM
doses of AK-7 for 48 hours. At the end of 48 hours, cells
in each dose group and control group were counted
again and seeded in 96-well plates at a density of 104
cells/well, and then incubated at 37°C for 4 hours. After
the incubation period, the microplate was centrifuged
at 200 g for 10 min. After removing the supernatant,
each sample was resuspended with 200 pL of lysis
buffer and the microplate was incubated for 30 min at
room temperature. After the microplate was centrifu-
ged at 200 x g for 10 min, 20 pL of each sample's lysate
was transferred to the streptavidin-coated microplate
wells, and 80 pL of immunoreagent was added to the
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sample wells. After incubation at 300 rpm for 2 hours in
a shaker at RT, it was washed 3 times with incubation
buffer. 100 pL of ABTS solution was added to each well
and incubated for 20 min in a shaker at 250 rpm. After
incubation, 100 pL of ABTS stop solution was added
and the absorbance values (OD) of each sample were
measured in the ELISA reader (BioTek, Epoch) at a
wavelength of 405 nm and a reference range of 490 nm.

Caspase-3 activity assay

The effects of AK-7 on caspase-3 activity were
performed using caspase-3 assay kit (Biovision, K106)
according to the manufacturer's instructions. U87 cells,
which were first seeded in 6-well plates at a density of 5
x 105 cells/well, were treated with 75 and 100 uM doses
of AK-7 for 48 hours, then cells were trypsinized and

resuspended with pellet cell lysis buffer and incubated
on ice for 10 min. After the cells were centrifuged at
10000 x g for 1 min, the supernatant was transferred to
a new tube and the concentration of each sample was
measured at 200 pg. After adding 50 pL of 2x reaction
buffer (containing 10 mM DTT) and 5 pL of 4 mM
DEVD-pNA substrate on each sample, it was incubated
at 37°C for 2 hours. The cleaved paranitroanilide with
caspase-3 activity in each sample was measured with a
microplate reader at 400 nm wavelength (BioTek,
Epoch).

Statistical analysis

All experiments were performed in triplicate and all
data were presented as mean values + standard devia-
tion (SD). The differences between groups was

Box 1: qRT-PCR

Principle

Quantitative real time polymerase chain reaction (QRT-PCR) is
a method that uses fluorescently labelled probes and dyes,
and provides results related to the quantification of nucleic
acids by measuring the fluorescent signal that increases
simultaneously with amplification. qRT-PCR has a wide range
of uses. One of the most common uses is the determination of
gene expression at the mRNA level. For this, first of all, total
RNA isolation is performed. Then cDNA is synthesized from
RNA. Finally, the reaction is performed in a Real Time PCR
system using a master mix containing dye that can bind to
double-stranded DNA, forward and reverse primers designed
according to the target gene sequences and cDNA. The
threshold cycle values (Ct) are used for the analysis,
corresponding to the cycle in which a significant increase in
fluorescence is observed. Normalization is performed with
house keeping genes. Differences in gene expression are
detected using the 2-AACT method.

Requirements

cDNA synthesis kit; Chloroform; DNase I enzyme; DNase I
enzyme buffer; EDTA; Eppendorf tubes; Ethanol (70%); Iso-
propanol; Microcentrifuge; Nanodrop (Maestrogen); Nuclease
-free dHO; PCR tubes; Real-time PCR detection system (Bio-
Rad CFX Connect); qPCR MasterMix; 8-Strip PCR tubes;
TRIzol reagent; 6-Well plate.

Procedure
Step 1: Total RNA isolation

Media of cells in 6-well plates were removed and 500 pL of
TRIzol reagent was added to each well. The homogenate in
each well was transferred to eppendorf tubes and incubated
for 10 min at room temperature. Then, 200 pL of chloroform
was added to each epondorf tube and the tubes were
incubated for 15 min at room temperature. At the end of the
incubation, centrifugation was performed at 12000 x g for 15
min and the supernatants were transferred to new eppendorf
tubes. 500 pL of isopropanol was added to the tubes and
incubated for 10 min at room temperature. After incubation,
the tubes were centrifuged at 12000 x g for 15 min, then the
supernatant was removed and 1 mL of 70%ethanol was added

to the pellet. After repeated centrifugation at 7,000 g for 10
min, the supernatant was removed and the pellet was left to
dry. After drying, the pellet was dissolved with 30 pL of
nuclease-free dH>O. In order to determine the quantity and
quality of the isolated RNAs, 1 puL of each RNA sample was
taken and measurements were made in a mnanodrop
(Maestrogen). RNA samples with UV measurements between
2 + 0.1 for Ao/ Azso and 2.0-2.4 for Azeo/ Azzo were used in the
analyses.

Step 2: Treatment with DNase I

In order to eliminate possible genomic DNA contamination,
RNA samples were treated with DNAse-I enzyme before
cDNA synthesis. For this purpose, 2 pL of 1U/pL DNAse-I
enzyme and 2 pL of 10x reaction buffer were added to 2 pg
RNA sample and the total volume was made up to 18 pL with
nuclease-free dH,O. After incubation at 37°C for 30 min, 2 puL
of 50 mM EDTA was added to the samples and the reaction
was stopped by incubation at 65°C for 10 min.

Step 3: cDNA synthesis

For cDNA synthesis, 4 pL of the reaction mixture included in
the kit and 1 uL of Reverse Transcriptase enzyme were added
to 1 pg total RNA, and the volume of the mixture was made
up to 20 pL with nuclease-free water. Then, cDNA synthesis
protocol was applied as 5 min at 25°C, 20 min at 46°C and 1
min at 95°C.

Step 4: qRT-PCR

qRT-PCR analysis was performed using qPCR mastermix
(BrightGreen 2x qPCR MasterMix - ROX, ABM, MasterMix-
R), which can bind to double-stranded DNA. For this purpose,
reaction mixtures containing 5 pL BrightGreen 2X qPCR
MasterMix, 5 pMol forward primer, 5 pMol reverse primer
and 2 pL ¢cDNA were prepared. The reaction was carried out
in a Real-time PCR System (Bio-Rad, CFX Connect) in 40
cycles using the PCR protocol consisting of 10 min at 95°C, 15
sec at 95°C and 60 sec at 60°C. Ct values of each reaction were
used for the analysis. GAPDH and ACTB was used as a
reference gene for normalization and 2-2ACT was used to
analyze the relative changes in gene expressions.

References

Cinar et al., 2021a; Cinar et al., 2021b; Giiglii et al., 2021




Bangladesh ] Pharmacol 2022; 17: 42-50 45
A
120 5 24 hours 5 48 hours T 72 hours
= 100 - J
X
> 804 - p
T 60 - d -
>
§ 40 4 - .
20 . &
0 = - -
Control + + +
Ak-7 (M) 5 25 75 125 200 5 25 75 125 200 5 25 75 125 200
Ak-7 (M) 10 50 100 150 250 10 50 100 150 250 10 50 100 150 250
B C b
a
400
8 300 - T
c
k]
Q
o
G 200
o)
Q
€
Z 100
0 - T
AK-7 0 75 100 uM

Figure 1: AK-7 reduced the survival and colony formation of glioblastoma multiforme cells. Dose- (5, 10, 25, 50, 75, 100, 125, 150,
200, and 250 pM) and time- (24, 48, 72 hours) dependent effect of AK-7 on the U87 human glioblastoma multiforme cell line (A).
Colony formation assay was performed to analyze the colony forming capacity of U87 cells which were treated with different

concentrations (75 and 100 pM) of AK-7 (2p<0.05; bp<0.01) (B-C)

evaluated with Student’s t test and one-way ANOVA.
ICs value was calculated using GraphPad Prism 8.0.2
version. Also, all statistical analysis and bar graphs
were performed with GraphPad Prism 8.0.2 version.
RT2 Profiler™ PCR array data analysis program was
used for statistical determination of changes in mRNA
expression level. p<0.05 value was considered statisti-
cally significant.

Results

U87 glioblastoma multiforme cell proliferation and
colony formation

XTT cell viability assay was used to determine whether
AK-7 affects U87 cell proliferation. U87 cells were expo-
sed to various concentrations of AK-7. It was deter-
mined that AK-7 inhibited cell proliferation in a dose-
and time-dependent manner (Figure 1A). The ICs value
of AK-7 induced inhibition at various concentrations at
48 hours was identified as 107.0 uM in U87 cell. The
effects of 75 and 100 pM doses of AK-7 on the colony
forming capacity on U87 cells were evaluated according
to control group (untreated cells with AK-7). Similarly,
it was found that colony formation significantly decrea-
sed by treatment 75 and 100 pM doses of AK-7 compa-

rison to the control group on U87 cells. However, there
was no significant difference in colony formation ability
between 75 and 100 uM dose groups (Figure 1BC).

Apoptosis of U87 glioblastomna multiforme cells

To evaluate whether the inhibition mechanism of AK-7
on the U87 glioblastoma multiforme cells is apoptosis-
mediated, we first performed the FITC-annexin V/7-
AAD analysis. For this analysis, U87 cells were treated
with 75 and 100 uM doses of AK-7 for 48 hours. Com-
pared to the control group, it was determined that
cellular apoptosis (early and late apoptosis) rate was
significantly increased in cells treated with AK-7 in a
dose-dependent manner. Also, a significant increase
was observed in the apoptosis rate between dose
groups of AK-7 (Figure 2A-B) (p<0.05). The degree of
apoptosis was shown as the enrichment factor calcula-
ted as follows at bar graph: Enrichment factor = DNA
fragments in the 75 and 100 pM AK-7 treated sample /
DNA fragments in the control. According to the results
of this analysis, it was found that AK-7 caused a signi-
ficant increase in the enrichment factor in a dose-
dependent manner when compared to the control
group. In addition, a similarly significant difference
was also determined between the groups treated with
75 and 100 pM doses of AK-7 (Figure 2C) (p<0.05). It



Bangladesh ] Pharmacol 2022; 17: 42-50

A
Control AK-7 (75 uM) AK-7 (100 pM)
oy 01% %q02% 45% |  wl02% 5.4%
Yo b A Q1 Q2 ‘—M . Q1 Q2 i '*‘w
< =3 < =3 e < - . %
O o 7 - o o B
& ] @ 3 i3 ” &
| nc_J o D“o-.
2 2 '3 ) 2573
i Sl 74 =
4 4 0 A
s ] B @
o1 '% RO e
c,nj 83.2% 12.6 % @ 62 % 33.2% 2 46.4 % 47.9%
€ Gl Rl TR R e L F R i R BT TR S P
%0 ANNEXIN V FITC-A +0 ANNEXIN V FITC-A 048 ANNEXIN V FITC-A
B C
b
80 - b
3 a
a
g 60 — . <
[0}
B g 27 =
2 40 2
=} (e}
a a
o o
Q S 1+
< 20+ <
0~ 0-
0 AK-7 0 75 AK-7 0 75 100 uM

Figure 2: AK-7 promoted apoptosis of U87 glioblastoma multiforme cells. U87 cells were treated with two different concentrations
(75 and 100 uM) of AK-7 for 48 hours. After treatment, annexin V/7-AAD analysis was performed to determine the necrotic, early
and late apoptotic cells in each group (A-B). Apoptotic cell death due to DNA fragmentation was evaluated using a cell death

detection ELISAPLUS kit (xp<0.01, bp<0.001) (C)

was demonstrated that AK-7 induced DNA fragmenta-
tion.

Apoptosis of U87 glioblastoma multiforme cells
through the caspase pathway

To investigate the molecular mechanism of AK-7 indu-
cing apoptosis of U87 glioblastoma multiforme cells,
mRNA expression levels of cell apoptosis-related genes
were determined by qRT-PCR. Analysis of mRNA
expression levels of genes after treatment of 75 and 100
uM doses of AK-7 was compared with control group
cells and the differences between groups were shown in
Figure 3A. The mRNA expression levels of CASP7,
CASP8, CASP10, CYCS, PPARG, FAS, FADD increased
in cells treated with both dose groups of AK-7.
Additionally, it was found that CASP9, TNF, TNFR1
and TNFR2 mRNA expression levels increased signifi-
cantly only in cells treated with 100 uM AK-7 dose
group. According to the results of caspase-3 activity
test, the fold change of 75 and 100 uM dose groups of
AK-7 increased significantly compared to the control
group, and there was also a significant difference bet-
ween the 75 and 100 pM dose groups of AK-7 (Figure
3B) (p<0.05).

Discussion

Targeting various molecules that play a role in tumor
development is one of the important therapeutic appro-
aches to cancer. One of these molecular targets is SIRTSs,
known as NAD+ dependent class III histondeacety-
lases. SIRT2, which is in the SIRT family, is associated
with various physiological and pathological processes
and has a controversial role as a tumor suppressor or
tumor promoter in cancer (Roshdy et al., 2021).

The tumor suppressive property of SIRT2 is associated
with maintaining genome integrity and regulating the
anaphase-promoting complex/cyclosome activity. Fur-
thermore, SIRT2 deficiency in mice has been shown to
cause genetic instability and tumorigenesis (Kim et al.,
2011). SIRT2 negatively regulates the expression of
JMJD2A, which is associated with poor survival in non-
small cell lung cancer (NSCLC), and inhibits prolifera-
tion, colony formation, and tumor growth of NSCLC
cells (Xu et al., 2015). In colorectal cancer cells, SIRT2 is
one of the targets of Wnt/-catenin signaling and has a
tumor suppressor role by enabling the differentiation of
colorectal cancer cells (Li et al., 2021). The lack of
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Figure 3: Effect of AK-7 on caspase pathway mediated apoptosis in U87 GBM cells. After treatment with AK-7 (75 and 100 pM) for
48 hours, mRNA expression levels of apoptosis-associated genes were analyzed by qRT-PCR (A). The effects of two different con-
centrations of AK-7 compared to the control group on caspase-3 activity were performed using the caspase-3 assay kit (2p<0.05,
bp<(0.01, ¢p<0.001) (B)

suppression of cyclin-dependent kinase 4 due to the
decrease in SIRT2 expression increases the proliferation
of ovarian cancer cells (Du et al., 2017). In addition,
SIRT2 overexpression increases the cisplatin sensitivity
of cisplatin-resistant ovarian cancer cells (Wang et al,,
2020).

SIRT2 can also contribute to the duration of tumorige-
nesis by various mechanisms. In a study with glioblas-
toma cells, SIRT2 regulates the transcriptional activity
of p73 and contributes to the proliferation of glioma
stem cells and glioma cells (Funato et al., 2018). SIRT2
induces epithelial-mesenchymal transition through the
glycogen synthase kinase-33/p-catenin pathway in
hepatocellular carcinoma (HCC), and downregulation
of SIRT2 reduces migration and invasion in HCC cells
(Chen et al., 2013; Huang et al., 2017). Hu et al. (2018)
reported that SIRT2 expression is high in colorectal

cancer tissues, and silencing of SIRT2 suppresses tumor
angiogenesis through STAT3/VEGFA inactivation.
Similarly, SIRT2 expression is high in patients with
relapsing acute myeloid leukemia, and silencing of
SIRT2 in drug-resistant HL60/A cells decreases MRP1
levels, increases drug accumulation, and stimulates
apoptosis (Xu et al., 2016).

Although the tumor suppressive property of SIRT2 is
mentioned, SIRT2 inhibitors can cause anti-cancer
effects in various studies targeting SIRT2 pharmacologi-
cally. AGK2, a SIRT2 inhibitor, arrests the cell cycle and
inhibits cell growth in cervical cancer cells with high
SIRT2 expression (Singh et al., 2015). TM, a selective
SIRT2 inhibitor, exerts an anti-cancer effect through the
degradation of c-Myc in breast cancer cells (Jing et al.,
2016). Various SIRT1/2 inhibitors induce p53 acetyla-
tion and stimulate cell death in breast cancer cells (Peck



48 Bangladesh ] Pharmacol 2022; 17: 42-50

et al., 2010). AK-1 induces proteasomal degradation of
transcription factor Snail and thus arrests the cell cycle
in colon cancer cells (Cheon et al., 2015).

In this study, it was aimed to investigate the possible
anti-cancer effect of AK-7 in glioblastoma multiforme
cells. Although it is known that AK-7 inhibits neuro-
degenerative processes and has a neuroprotective
effect, there is no information about the anti-cancer
activity of AK-7 (Chopra et al., 2012; Chen et al., 2015;
Biella et al, 2016). To investigate the possible anti-
cancer effect of AK-7 in glioblastoma multiforme cells,
we first performed cytotoxicity analysis. According to
the cytotoxicity analysis results, AK-7 inhibited cell
proliferation in glioblastoma multiforme cells in a dose-
and time-dependent manner. The ICso dose of AK-7 in
U87 cells was found to be 107.0 uM for 48 hours. In
subsequent analyzes, U87 cells were treated with 75 uM
and 100 uM AK-7 for 48 hours to reveal whether there
was a dose-dependent effect of AK-7. The effect of AK-7
on cell proliferation was also evaluated by colony
formation analysis and it was observed that treatment
with 75 pM and 100 pM AK-7 inhibited the colony
forming capacity of U87 cells.

In this study, the possible anti-cancer activity of AK-7 in
glioblastoma multiforme cells was evaluated with vari-
ous analyzes to determine apoptosis. According to
Annexin V analysis results, treatment with 75 uM and
100 uM AK-7 significantly increased the %apoptosis
rate in glioblastoma multiforme cells compared to the
control group. In addition, the apoptosis-inducing
effect of AK-7 increased in a dose-dependent manner.

Apoptosis is characterized by a series of typical mor-
phological changes such as shrinkage of cell and nu-
cleus, chromatin condensation, and formation of apop-
totic bodies. At this stage, fragmentation of chromo-
somal DNA into oligonucleosome-sized fragments is
also one of the important markers of apoptosis (Elmore,
2007; Zhang and Xu, 2000). According to DNA frag-
mentation analysis results, DNA fragmentation was
induced in U87 cells after treatment with 75 and 100 uM
AK-7. It was also observed that DNA fragmentation
increased depending on the dose of AK-7.

Caspases are at the center of the apoptosis mechanism
in the cell, and apoptosis occurs in two pathways, in
which a large number of molecules are involved: the
extrinsic pathway and the intrinsic pathway. The extri-
nsic pathway is initiated by the interaction of various
death receptors with their ligands. Then, the death-
inducing signaling complex (DISC) is formed with
adapter proteins such as TNF receptor-associated death
domain (TRADD) and Fas-associated death domain
(FADD), procaspases-8 and -10. This formation causes
activation of caspase-8 and 10, and then apoptosis is
induced by activation of caspase-3, -6 and -7 (Ashkena-
zi, 2008; Wong, 2011).

In the intrinsic pathway, Bcl-2 family, which consists of
proapoptotic and antiapoptotic members, is involved
and especially the balance between Bcl-2 and Bax is
determinant in the release of cytochrome c from mito-
chondria to the cytoplasm. Cytochrome c released into
the cytoplasm interacts with Apaf-1 and caspase-9 is
activated. And, apoptosis is induced by the activation
of caspase-3 by active caspase-9 (Elmore, 2007; Inoue et
al., 2009). In this study, the anti-cancer effect of AK-7
was evaluated at the molecular level by analyzing the
expression levels of genes associated with extrinsic and
intrinsic pathways of apoptosis. For this purpose,
expression levels of CASP8, CASP10, FAS, FADD, TNF,
TNFR1 and TNFR2 genes associated with the extrinsic
pathway; BAX, BCL2, CASP7, CYCS and PPARG genes
associated with the intrinsic pathway, and CASP3 gene
associated with both pathways were determined in qRT
-PCR analysis after treatment with AK-7. According to
qRT-PCR results, AK-7 significantly increased the
expression of both extrinsic and intrinsic pathway-rela-
ted genes in glioblastoma multiforme cells. As mention-
ed above, caspase-3 acts as an effector caspase and
plays a central role in both extrinsic and intrinsic path-
ways of apoptosis. Therefore, active caspase-3 activity
in cells is directly related to apoptosis. In this study,
active caspase-3 activity was also evaluated, and a
significant increase in caspase-3 activity was detected
after treatment with 75 uM and 100 uM AK-7 when
compared with the control group. In addition, it was
determined that caspase-3 activity increased depending
on the dose of AK-7.

Conclusion

AK-7, a selective SIRT2 inhibitor, suppresses cell proli-
feration and induces apoptosis in a dose-dependent
manner in glioblastoma multiforme cells. These find-
ings suggest that SIRT2 may be a therapeutic target in
glioblastoma multiforme.
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