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ABSTRACT

Background: Cycline-dependent kinase inhibitors (CDKi); roscovitine and purvalanol, are promising anti-
cancer drugs due to their strong anti-proliferative effectiveness due to activation of PA catabolism. Besides
transforming acetylated spermine and spermidine into spermidine and putrescine, respectively, polyamine
oxidase (PAO) also generates hydrogen peroxide in high concentrations as a by-product. PAO was assumed
as a pivotal key molecule during drug-induced apoptosis in cancer cells. Our aim is to reveal the role of
PAO action in CDKi-triggered apoptosis in Puma knock-out HCT116 colon cancer cells.

Methods: HCT116 wt and HCT116 Puma’- cells were treated with Roscovitine and Purvalanol and cell
viability and apoptosis were determined. Protein was isolated from treated and untreated cells and key
molecules of cell cycle control and polyamine pathways were investigated at translational level. Polyamine
content was determined by HPLC for all conditions. MDL-72527 was used as a PAQ inhibitor and apoptotic
cell death was analysed.

Results: Roscovitine and purvalanol induced apoptosis and increased the cytotoxic responses in HCT116
wt and HCT116 Puma” colon carcinoma cell lines by modulating CDKZ1, 4, cyclin-B1, D3. Both, CDKi
altered intrinsic apoptotic pathways in HCT116 wt. Whereas, drug-induced apoptosis occurred caspase-
independent in Puma’ colon cancer cells. Roscovitine and purvalanol up-regulated polyamine catabolic
enzymes, whereas CDK inhibitors decreased the polyamine levels in HCT116 wt and HCT116 Puma”- colon
cancer cells. In addition, PAO inhibitor MDL72527 prevented drug-induced apoptosis.

Conclusion: PAO expression profile might be a critical target in CDK inhibitors-triggered apoptosis in
HCT116 colorectal cancer cells. Thus, MAPK signaling pathway relations with cell cycle and polyamine
catabolic pathway investigations are in progress.

© 2021 Ajda Goker Gurkan. Hosting by Science Repository.

Introduction

particularly inhibit cell proliferation are drawing attention for
chemotherapy [2]. Cyclin-dependent kinases (CDKs) regulate the cell
cycle machinery in eukaryotic cells in that, they bind to specific targets,

Colorectal cancer is an important component of the prevalence and
mortality of cancer worldwide. It is the fourth common frequent type of
cancer and ranked at third place in cancer-related deaths globally [1].
Conventionally, chemotherapeutic agents such as oxaliplatin and 5-FU
are used for the treatment of metastatic type, but targeted therapies which

called cyclins, and lead to phosphorylation of key proteins essentially
involved in DNA synthesis. CDKs make complexes with cyclins and
these complexes regulate important processes like growth, proliferation
and differentiation [3]. Novel CDK inhibitors purvalanol and
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roscovitine, have been shown to prevent CDKs from binding to cyclins
and thus induce apoptosis via arrest of the cell cycle in multiple
myeloma, prostate, lung, breast and colorectal cancer [4-8]. The
polycationic amine derivatives, spermine, spermidine and putrescine,
which are referred as natural polyamines (PAs), regulate cellular
proliferation and also differentiation thus, induce tumoral growth [9].
Since PAs are cationic, they protect the cells from apoptosis and by this
way, in malign cells, PA levels were elevated [10].

Accordingly, the enzyme which plays a role in PA biosynthesis,
ornithine decarboxylase (ODC), was overexpressed in cancer cells [10].
On the other hand, PA catabolism converts PAs into oxidized derivatives
and causes the accumulation of toxic substances. Thereby, activated
polyamine catabolism improves the effects of therapeutics. The levels of
PAs in the cell are controlled by enzymes of PA catabolism,
spermidine/spermine N1-acetyltransferase (SSAT), spermine oxidase
(SMO) and acetyl polyamine oxidase (PAO) [11]. In this study, we
aimed to demonstrate the effects of purvalanol and roscovitine on
apoptotic pathways and examine their roles in polyamine catabolism in
HCT116 wild type and HCT116 Puma knockout colorectal cancer cells.

Materials and Methods
I Drugs and Cell Lines

Roscovitine and Purvalanol were purchased from Sigma (St. Louis, MO,
USA) and Tocris Bioscience (Bristol, United Kingdom), respectively.
Both were dissolved in DMSO and 10 mM stock solution was prepared.
HCT116 (CCL-247) cells were purchased from American Type Culture
Collection (ATCC, Manassas, USA). HCT116 Puma ™ cells were a kind
gift of Bert Vogelstein (Howard Hughes Medical Institute, Johns
Hopkins University, USA). HCT116 wt and Puma™ cells were grown in
McCoy’s5A medium (PAN Biotech, Aidenbach, Germany)
supplemented with 10% fetal bovine serum (PAN Biotech), 100 U/100
mg.ml penicillin-streptomycin, 2 mM L-glutamine, 1% nonessential
amino acids (Biological Industries, Kibbutz Beit-Haemek, Israel) in 5%
CO; present in 37°C incubator.

11 Determination of Cell Viability by MTT Assay

In order to examine the effect of CDKi on cell viability, wt and Puma™
cells were seeded in 96-well plates as 1x10* cells/well. After overnight
incubation, purvalanol and roscovitine were applied to cells in a dose-
dependent manner (0-50 pM for roscovitine and 0-30 uM for
purvalanol). After 24 h, 10 pl MTT solution (3-(4,5dimethylthiazol-2-
yl)-2,5-diphenyl-tetrazolium bromide) which was prepared in PBS as 5
mg/ml stock was added and incubated for 4 h at 37°C incubator. When
incubation overs, media were aspirated and 200 pl/well DMSO was used
to dissolve the formazan crystals. Absorbance at 570 nm/655 nm dual-
wavelength were measured and data were analysed by GraphPad Prism
8.

111 Cell Death ELISA Assay for Apoptosis Determination
Cell death Detection ELISA Plus kit (Roche, Indianapolis, USA) was

used to determine cell death as manufacturer’s guidelines. In brief, 1x10°
cells were seeded per well in 96-well plates. After the overnight
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incubation, cells were treated with purvalanol and roscovitine for 24 h.
Then, the cells were lysed, and the lysates were added to the microplate
coated with streptavidin. Anti-DNA POD and anti-histone-biotin
mixture were also added to the wells and incubated at room temperature
for two hours. After incubation, wells were washed and absorbance at
405 nm wavelength was measured.

1V Annexin V-FITC/PI Staining

HCT116 wt and Puma’ cells were seeded on 6-well plates with 3x10°
cells/well density and treated with Purvalanol (15 uM and 30 uM) and
Roscovitine (20 uM and 50 puM). After 24 h, the apoptotic cells were
determined by Annexin V/ PI analysis [8].

V Propidium lodide (P1), DiOC¢ and H,DCFDA Staining

1x10* cells/wells HCT116 wt and Puma™- cells seeded at 12-well plate,
following cell attachment, cells were treated with purvalanol (30 uM)
and roscovitine (50 uM) for 24 h. Then cells were stained by PI (2 pg/ml)
for 30 min, DiOCg (4 nM) for 5 min and H,DCFDA (0.5 pM) for 15 min,
respectively. Cells were visualized under fluorescence microscope
(Olympus, Japan) with appropriate filter (EX/Em = 493 nm/636 nm for
Pl staining), (EX/Em = 488 nm/525 nm for DiOCs staining), (EX/Em:
~492-495/517-527 nm for H,DCFDA staining).

VI Extracting Total Protein from cells and immunaoblotting

After incubation of both wt and Puma’- HCT116 cells with roscovitine
and purvalanol for 24 h, each cellular extract was performed according
to our previous study [8].

VII Determination of Polyamines by HPLC

For the determination of intracellular polyamine levels, benzoylation
was carried out by High-Performance Liquid Chromatography (HPLC)
[8l.

VIII Statistical Analysis

All the experiments were quantified by GraphPad Prism 6 Software (CA,
USA) and statistically analysed by a two-way ANOVA. Statistically
significant results by ANOVA were further analysed by Bonferroni’s
test (where indicated). A p-value < 0.05 was considered statistically
significant. Error bars in the graphs were generated using * standard
deviation (SD) values from independent experiments. Western Blot
results were repeated at least twice, and band intensities were calculated
by Image J program (Link).

Results

I Cdk Inhibitors Roscovitine and Purvalanol Induce Cell
Viability Loss and Cell Death in HCT116 Cells in Increasing
Doses

To determine the cytotoxicity of CDK inhibitors Roscovitine and

Purvalanol on HCT116 colorectal carcinoma cells, the cells were treated
with increasing doses (0-75 pM) of roscovitine and purvalanol for 24
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hours and the relative cell viability was determined by MTT cell viability
test. According to the MTT assay, roscovitine and purvalanol treatment
decreased the viability of HCT116 cells in a dose-dependent manner
relative to untreated control cells. 20 pM and 50 uM Roscovitine

30 pM Purvalanol treatment decreased by 49% (Figure 1A).
Roscovitine-induced cell death was determined by propidium iodide
staining of the cells and a dose-dependent increase in Pl-stained cells
was observed under fluorescent microscope after Roscovitine treatment

decreased the cell viability by 75% and 51%, respectively. 15 uM (Figure 1B).
Purvalanol treatment decreased the viability of the cells by 67%, while
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Figure 1: Effects of CDKi on HCT116 colon cancer cells. A) The dose-dependent effect of CDK inhibitors on cell viability was determined by MTT cell
viability assay after roscovitine or purvalanol (0-75 uM) treatments for 24 h. B) HCT116 wt cells were treated with 0-100 uM roscovitine for 24 h and
stained by PI dye and CDK:i induced cell death was visualized by Pl staining at fluorescence microscopy. UT: Untreated control cells, Magnification: 400X.
C) Cytotoxicity of CDK inhibitors on HCT116 Puma™ cells were determined by MTT assay. D) HCT116 wt and Puma™ cells were treated with Roscovitine
(50 pM) or Purvalanol (30 puM) for 24 h and examined under fluorescent microscopy after propidium iodide staining. The columns represent the mean +S.D.
Two independent trials with at least 2 replicates. Statistical difference was analysed using an unpaired t-test; *p<0.05.

On the other hand, Puma deficient cells, HCT116 Puma™, demonstrated
more resistance than wild type cells against 50 pM Roscovitine (51%
and 59% in HCT116 and HCT116 Puma™ cells, respectively) and 30 uM
Purvalanol treatment (50% and 62% in HCT116 and HCT116 Puma™
cells, respectively) (Figure 1C) in MTT assay. The same resistance
profile was observed in propidium iodide staining of the cells after 50
UM Roscovitine treatment (Figure 1D). Fluorescent images indicated
induction of cellular death by roscovitine or purvalanol treatment in both
wt and Puma™ cells.

11 Roscovitine and Purvalanol Treatment Induce Cell Death in
Both HCT116 and HCT116 Puma’ Knockout Cells via Caspase-
Dependent Apoptosis

For specification of cell death type, we primarily performed Annexin V-
FITC/PI labeling following roscovitine (20 pM and 50 pM) or
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purvalanol (15 uM and 30 pM) treatment. As seen in (Figure 2A), FACS
flow analysis of Annexin V-FITC/PI staining indicates that 20 uM and
50 uM Roscovitine treatment increased Annexin V*/PI* cell population
by approximately 2.5 and 4-fold, respectively. Although Puma deficient
cells showed resistance in late apoptotic induction with respect to wt
cells, about 3-fold increase in Annexin V* apoptotic cells were observed.
On the other hand, Purvalanol treatment significantly induced PI* cell
population in HCT116 wt cells, whereas necrotic induction is much less
observed in Puma deficient cells. Since procaspase-9 and subsequent
PARP cleavage is a cellular marker of apoptosis, we checked cleaved
PARP and cleaved caspase-9 protein levels by immunoblotting. Results
indicate that Roscovitine (20 uM and 50 pM) or Purvalanol (15 pM and
30 puM) treatment triggered PARP and procaspase-9 cleavage in both
colorectal carcinoma cells. As mitochondrial membrane disruption has
been shown to participate in apoptotic induction, we stained both
colorectal cancer cells with DiOCg after CDKi treatment and visualized
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by fluorescent microscope and revealed by flow cytometry (Figure 3A).
Along with the obvious decrease in stained cell population after CDK
inhibitors treatment, flow cytometry analysis specified MMP loss to
36% in HCT116 wt cells and to 42% in Puma deficient cells relative to
control cells (100%) by roscovitine (50 uM) treatment.

In addition, 30 uM Purvalanol indicated 48% and 49% MMP loss in wt
and Puma™ cells, respectively (Figure 3B). In order to further designate
the CDKi-induced caspase-dependent apoptosis induction, caspase-3
inhibitor Z-DEVD-FMK and caspase-9 inhibitor Z-LEHD-FMK was
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used along with CDK inhibitors and MTT assay was performed. As
shown in (Figure 3C), in HCT 116 wt cells, caspase inhibitor treatment
along with Roscovitine (50 uM) recovered viable cells from 74-90% for
Z-DEVD-FMK and to 104% for Z-LEHD-FMK whereas Purvalanol-
caspase inhibitor co-treatment recovered viable cells from 40-59% for
Z-DEVD-FMK and to 62% for Z-LEHD-FMK. In Puma’ cells,
recovery percentage is less than wt cells but yet, an increase from 51-
58% for Z-DEVD-FMK and to 64% for Z-LEHD-FMK in co-treatment
with Roscovitine was observed (Figure 3D).
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Figure 2: Determination of apoptosis induction by CDK inhibitors in HCT116 wt and Puma™ cells. A) Apoptotic cell populations were determined by
Annexin V-FITC/PI staining. HCT116 wt and Puma™- cells were seeded in a six-well plate, treated with Roscovitine (20 uM and 50 pM) or Purvalanol (15
UM and 30 uM). Cells were then stained with Annexin V-FITC and PI and fluorescence signals were detected by flow cytometry. X-axis and Y-axis
represent the Annexin V-FITC and Pl signals, respectively. PARP cleavage and caspase-9 activation were determined by immunoblotting in B) Roscovitine
(20 or 50 uM) and C) Purvalanol (15 or 30 pM) treated HCT116 wt and Puma™- colorectal carcinoma cells. B-actin was used as a loading control.
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Figure 3: CDKi induced MMP loss in both colorectal carcinoma cell lines. A) The disruption of Aym was visualized by fluorescence microscopy (200x)
and B) Aym loss were measured via flow cytometry. (Ex.= 485nm Em. =538 nm) after DiOC6 staining. Caspase-dependent CDKi-induced apoptotic cell
death was demonstrated by MTT test via using caspase-3 and -9 inhibitors Z-DEVD-FMK and Z-LEHD-FMK, respectively. Following 1 h pre-treatment
of cells with Z-DEVD-FMK (10 pM) and Z-LEHD-FMK (10 pM), C) HCT116 wt, D) HCT116 Puma™ cells were treated with each CDK inhibitors for 24
h. Increase in the cell viability following Z-DEVD-FMK and Z-LEHD-FMK co-treatment were determined by MTT cell viability assay. Fluorometer results
were obtained from two different culture conditions with at least 4 replicates. Statistical difference was analysed using an unpaired t-test; *p < 0.05, **p <
0.001. Columns represent the Mean + St. Dev of five replicates from two different culture conditions.

111 CDKi Modulate the Expression Profile of Key Elements of
Cell Cycle and MAPK Signaling Pathway

To interpret the effect of CDKi on cell cycle key molecules, the
expression of definite CDKs and cyclins were determined by
immunoblotting (Figure 4A). The expression of CDK2, 7 and 9 did not
change in CDKi treated cells relative to untreated cells. Besides,
purvalanol treatment upregulated CDK1 expression but yet

Int J Cancer Sci Ther d0i:10.31487/j.13CST.2021.01.03

downregulated cyclin B1 expression. Since the contribution of the
MAPK signaling on proliferation and tumorigenesis, we checked the
expression profile of the key proteins of the pathway and observed a
significant decrease in p38 levels by CDKi treatment. In contrast, p-p38
was upregulated in response to Roscovitine and Purvalanol treatment in
both wt and Puma deficient cells.
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IV CDK Inhibitors Lowers the Polyamine Levels in the Cells
and Triggers ROS Generation in HCT116 wt and Puma
Deficient Cells

Since we know that polyamine (PA) levels are increased in many cancer
cells, we primarily examined the effect of CDKi on PA content of the
cells by HPLC analysis. Roscovitine (50 pM) and Purvalanol (30 uM)
treatment decreased cellular PA levels in both HCT116 wt (Figure 5A)
and HCT116 Puma™ (Figure 5B) cells. Polyamine metabolism consists
of biosynthetic and transport pathway and catabolism pathway. In order

HCT116 wt HCT116 Puma*

to understand the effect of CDKi on the expression of enzymes
belonging to these pathways, we performed immunoblotting (Figure
5C). Both Roscovitine and Purvalanol treatment upregulated the
Polyamine acetyl oxidase (PAO), a member of the catabolic pathway.
As the polyamine catabolism generates toxic H,O, and reactive oxygen
species (ROS), we visualized induction of ROS generation under
fluorescent microscope via H,DCFDA staining. As shown in (Figure
5D), CDKi treatment increased ROS generation in wt cells. Exogeneous
polyamine treatment enhances the ROS amount induced by CDKi.
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Figure 4: Alterations on CDK, cyclin and MAPK signaling pathway key elements expression profile in CDKi treated HCT116 colon cancer cells. The effect
of roscovitine (50 uM) or purvalanol (30 uM) on cycle and MAPK signaling key elements expressions were determined in HCT116 wt and Puma™ cells by
immunoblotting. The expression profile of A) CDK1, 2, 4,7, 9, cyclin A, B1, D3, E, B) p38, p44/42, SAP/INK, pp38, pp44/42, ppSAP/INK was modeled.

b-actin was used as a loading control.

V PAO Inhibitor MDL-72527 Reversed CDKi-Induced
Apoptotic Cell Death in HCT116 wt and Puma”- Cells

The reversible effect of PAO inhibitor MDL 72527 on CDKi-induced
apoptosis was determined by Cell Death ELISA assay. Results indicate
that, although roscovitine treatment induced apoptotic cell death
(approximately 4-fold in wt, 2-fold in Puma™ cells), MDL 72527 co-
treatment decreased cell death to about 1,5-fold and 1-fold in wt and
Puma™ cells, respectively (Figure 6A). A similar profile was also

Int J Cancer Sci Ther d0i:10.31487/j.13CST.2021.01.03

observed in Purvalanol-treated cells (Figure 6B). Purvalanol treatment
induced apoptotic cell death (approximately 3-fold in wt, 2-fold in Puma
" cells), whereas MDL 72527 co-treatment decreased cell death to about
1.5-fold and 1.4-fold in wt and Puma™- cells, respectively. To verify these
data, PARP and procaspase-9 cleavage was also examined by
immunoblotting. MDL 72527 treatment downregulated CDKi-induced
PARP-cleavage in HCT116 colorectal carcinoma cells.(Figure 6C).
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Figure 5: The role of polyamine (PA) metabolism on CDKi-induced apoptotic cell death and ROS generation in HCT116 cells. The effect of Roscovitine
or Purvalanol on intracellular PA levels was determined by HPLC analysis in A) HCT116 wt. B) Puma™ colon cancer cells. C) Expression profiles of ODC,
OAZ1, AZI, PAO, SSAT were determined by immunoblotting in HCT116 wt and Puma’ colon cancer cells following 24 h roscovitine (50 mM) or
purvalanol (30 mM) treatments. D) CDKi-induced ROS with/without spermidine or spermine (10 mM each) were determined in HCT116 wt and Puma™
cells by H,DCFDA (1 pg/ml) staining and visualized by fluorescence microscopy (Magnification was 200x).
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experiments with 4 replicates. Statistical difference was analysed using an unpaired t-test; *p < 0.05, **p < 0.001. C) Immunoblotting method was performed
to determine the reversible effect of MDL 72527 on roscovitine or purvalanol-induced PARP cleavage and caspase-9 activation in HCT116 wt colon

carcinoma cells.
Discussion

Cell cycle is a complex process, and its regulation involves many
proteins such as cyclins and cyclin-dependent kinases (CDKs) [12].
Disruption of signaling and regulation of the cycle may lead to
continuous activation of the cycle, which is one of the characteristics of
cancer development [13]. Therefore, targeting these regulatory proteins
is a promising approach for anti-cancer strategies [5]. Because of their
significant roles in cell cycle regulation, several molecules targeting
CDKs have been studied. Previous studies show that many CDK
inhibitors (CDKIi) have been shown to inhibit cell cycle progression and
trigger apoptotic cell death in cancer cell lines [14-16]. One of the CDK
inhibitors, Roscovitine (CYC202 or seliciclib), is a small purine analog
that competes with ATP for binding to targeted CDK and blocks cyclin-
CDK complex formation. Recent studies demonstrate that roscovitine
induced apoptosis in many cancers such as prostate, breast , leukemia,
and non-small cell lung cancer [5, 17-20]. Purvalanol, another purine-
derived CDKi, also binds to CDK and prevents its binding to a cyclin
and induces apoptosis in different cancer cell lines [21-23]. Accordingly,
in this study, we first examined cytotoxic effects of these CDKi in
HCT116 wt and Puma™ cells.

Puma, a BH3- only Bcl-2 family member, is a crucial protein as an

initiator of intrinsic apoptosis [24, 25]. Once it is activated, it promotes
mitochondrial membrane polarization and induces caspase cascade [25].

Int J Cancer Sci Ther doi:10.31487/j.1JCST.2021.01.03

It is found that, Puma deficiency reduced drug-induced apoptosis in
colon cancer cells [26]. Similarly, both roscovitine and purvalanol lead
dose-dependent decrease in cell proliferation and roscovitine increased
cell death in wt HCT116 cells (Figures 1A & 1B). Although the decrease
of cell viability is not as much as wt cells, CDKi decreased viable cell
percentage significantly in Puma” cells (Figure 1C). Annexin V-
FITC/PI analysis indicates that roscovitine-induced early and late
apoptotic cell induction in HCT116 wt cells, whereas Puma™ cells exerts
resistance against the apoptotic induction with regard to wt cells.
Strikingly, purvalanol treatment caused late apoptotic and necrotic
induction in wt cells in contrast to Puma’ cells in which apoptosis
induction is more significant, which may mean that HCT116 cells are
more sensitive to purvalanol than roscovitine and Puma’ does not affect
this sensitivity. As it is known that activation of procaspase-9 by
cleavage is the initiator of the caspase cascade in the mitochondrial
pathway of apoptosis and subsequently, cleavage of PARP is involved
in the pathway [27].

The results verified Annexin V-FITC/PI data in that roscovitine induced
cleavage of caspase-9 and PARP, indicating the trigger in apoptosis
(Figure 2B). In purvalanol treated cells, although caspase-9 cleavage is
not significant as in roscovitine situation, an increase in PARP cleavage
by CDKi treatment was obvious (Figure 2C). Previous reports show that
well-established drugs and CDKi induce caspase-dependent apoptotic
cell death via mitochondrial pathway [5, 6]. It was reported that Puma™
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cells were more resistant than wt cells in drug-induced apoptosis
induction [26]. However, our results showed that both CDKi were
capable of inducing MMP loss in both wt and Puma™ cell lines (Figures
3A & 3B). To further examine the caspase-dependency of the CDKi-
induced apoptosis, selective caspase inhibitors Z-DEVD-FMK and Z-
LEHD-FMK were used, which inhibit caspase-3 and caspase-9,
respectively. The caspase inhibitors recovered the CDKi-induced
cytotoxicity in HCT116 wt cells. On the contrary, in Puma’ cells
protective effect of caspase inhibitors is not as significant as wt cells.

In this case, cells might induce caspase-independent apoptosis via
activation of apoptosis-inducing factor (AIF) and nuclear translocation
following mitochondrial activation [28]. When we checked the
expression profiles of certain cyclins and CDKs taking part in the cell
cycle, immunoblotting results show that both CDK inhibitors
upregulated the expression of CDK1 and downregulated the expression
of cyclin B1 in both colorectal carcinoma cell lines (Figure 4A). MAP
kinase pathways are one of the important cellular pathways in that they
modulate essential cellular processes like growth, proliferation,
migration upon extracellular signals [29]. They are known to be
deregulated in human tumors [30]. While the expression of p38 is
downregulated by Roscovitine and Purvalanol treatment, p-p38 is
upregulated by these CDKi which suggests the involvement of p38
MAPK pathway upregulation in HCT116 cells (Figure 4B).

Polyamines are small polycationic alkylamines that are involved in many
crucial processes of the cell, such as growth, differentiation and tumor
growth. Previous studies indicate that intracellular levels of polyamines
were increased in cancer cells [10]. Polyamine metabolism is in balance
in biosynthesis and catabolism enzymes [11]. Targeting of these
enzymes is a promising point in inducing cellular death in cells. The
intracellular levels of polyamines decrease in wt and Puma’ cells
following CDKi treatments (Figures 5A & 5B). Moreover, in Puma™
control cells, polyamine levels were higher than wt cells. However,
CDK:i treatment also decreased the polyamine levels in Puma”’ cells.
After determining the PA levels in response to CDKIi, we then checked
the expression profiles of the enzymes that are involved in PA
metabolism. Although the CDKi had no significant effect on
biosynthetic enzymes ODC, OAZ1 and AZI, CDKi treatment
significantly upregulated catabolic enzyme, PAO (N-acetyl polyamine
oxidase). That means roscovitine and purvalanol induced cell death and
decreased the intracellular PA levels via upregulating catabolic activity
without any effect on biosynthesis machinery. PAO is one of the
essential enzymes in PA catabolism which causes H,O, generation as a
by-product [11]. However, Puma’ cells did not show the significant
effect visualized in wt cells, exogeneous spermidine or spermine
treatment induced the ROS generation.

In order to clear up the potential role of PAO in CDKi-induced apoptosis,
we used a PAO inhibitor, MDL 72527, along with roscovitine or
purvalanol. MDL 72527 is a spermine analog that blocks PA acetylation
and decreases H,0, production, thereby prevents apoptosis. In this study,
we examined the effect of MDL 72527 firstly and observed that in both
wt and Puma” cells, MDL 72527 co-treatment reversed CDKi-induced
cell death (Figures 6A & 6B). Also, immunoblotting for PARP cleavage
indicated the downregulation of cleaved PARP for both CDK inhibitors.

Int J Cancer Sci Ther doi:10.31487/j.1JCST.2021.01.03

Conclusion

CDK inhibitors roscovitine and purvalanol induce apoptotic pathways
by activation of PA catabolism and after that, decrease of PA levels. Still,
alterations of PA catabolism are critical for CDKi-induced cell death.
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