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Introduction: Dentatin (DEN) (5-methoxy-2, 2-dimethyl-10-(1, 1-dimethyl-2propenyl)
dipyran-2-one), a natural compound present in the roots of Clausena excavata Burm f,
possesses pro-apoptotic and antiproliferative effects in various cancer cells. Because of its
hydrophobicity, it is believed that its complexation with hydroxy-B-cyclodextrin (HPBCD) will
make it a potent inhibitor of cancer cell growth. In the current work, the molecular mechanisms
of apoptosis induced by DEN and DEN-HPBCD complex were demonstrated in human colon
HT-29 cancer cells.

Materials and methods: After the human colon HT-29 cancer cells were treated with DEN
and DEN-HPBCD complex, their effects on the expression of apoptotic-regulated gene markers
in mitochondria-mediated apoptotic and death receptor pathways were detected by Western
blot analysis and reverse transcription polymerase chain reaction. These markers included
caspases-9, 3, and 8, cytochrome c, poly (ADP-ribose) polymerase, p53, p21, cyclin A as well
as the Bcl-2 family of proteins.

Results: At 3, 6, 12, and 24 pg/mL exposure, DEN and DEN-HPBCD complex significantly
affected apoptosis in HT-29 cells through the down-regulation of Bcl-2 and cyclin A in turn,
and up-regulation of Bax, p53, p21, cytochrome c at both protein and mRNA levels. DEN and
DEN-HPBCD complex also decreased cleaved poly (ADP-ribose) polymerase and induced
caspases-3, -8, and -9.

Conclusion: Results of this study indicate that the apoptotic pathway caused by DEN and
DEN-HPBCD complex are mediated by the regulation of caspases and Bcl-2 families in human
colon HT-29 cancer cells. The results also suggest that DEN-HPBCD complex may have
chemotherapeutic benefits for colon cancer patients.

Keywords: natural products, HPBCD, apoptosis, pro-apoptotic proteins, anti-apoptotic proteins

Introduction

Colorectal cancer is the third most frequent cancer, representing ~10% of all cancer
cases. In 2012, >1.4 million colon cancer cases' with 700,000 deaths? were recorded
worldwide. In the USA and Europe, colon cancers are more common in men than
women. Colon cancer can be inherited, with >85% of colon cancer patients having
family history of the disease.?

Dentatin (DEN), a very hydrophobic compound, is naturally occurring in Clausena
excavata.** DEN was shown to have inhibitory effects on breast,® prostate’ and liver
cancer cells.® In many human cancer cells, DEN induced apoptosis by up-regulating
pro-apoptotic proteins, for example, Bax and Bak® and apoptotic protease-activating
factor 1, activating caspases,’” and down-regulating antiapoptotic, for example, Bcl-XI,
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poly (ADP-ribose) polymerase (PARP) and increasing
leakage of cytochrome ¢ from the mitochondria. Furthermore,
DEN-mediated apoptosis was also shown to be associated
with increase in tumor necrosis factor-related apoptosis-
inducing ligand in cancer cells.” !

In a previous study, we demonstrated that DEN has pro-
apoptotic properties.! DEN was also shown to have antimam-
mary gland cancer effects in rats.'> The anticancer effects
of DEN are quite selective, it being innocuous to normal
cells.”” DEN in a complex with hydroxy-f-cyclodextrin
(HPBCD) (DEN-HPBCD) also caused growth inhibition of
MDA-MB-231, LNCaP, and HGT cell lines.!' The cancer
inhibitory effect of DEN-HPBCD occurs through the induc-
tion of apoptosis, particularly by overexpressing the Bax pro-
teins.” In cancer cells, DEN directly acts on the mitochondria
to release cytochrome c.®” The incorporation of lipophilic
compounds into the HPBCD cavity does not only improve
their water solubility while in complexation but also enhances
therapeutic effects.'® Although it was shown that DEN either
free or incorporated in HPBCD induces cancer cell death via
apoptosis, the molecular mechanisms associated with their
anticancer activities is not clear. In our current work, we
investigated the anticancer molecular mechanism of DEN
and DEN-HPBCD on the HT-29 cancer cells.

Materials and methods

Materials

The HPBCD (purity =98%) used in this investigation was
procured from Sigma Aldrich (Taufkirchen, Germany). All the
chemical materials and reagents used were analytical grade and
ultrapure water was used during all the experimental steps.

Cell culture

Human colon cancer (HT-29) cells obtained from American
Type Culture Collection (Manassas, VA, USA) were main-
tained in DMEM. The media were supplemented with 10%
fetal bovine serum, 1% amphotericin B and 1% penicillin—
streptomycin. The cells were maintained in a humidified
incubator maintained at 37°C and under 5% CO, and
examined frequently under an inverted microscope (Micros,
Salzburg, Austria).

Preparation of the inclusion complex

DEN in HPBCD solution at 1:1 molar ratio was prepared by
dissolving 0.3264 g DEN in 5 mL chloroform and mixing
with 1.4 g HPBCD in 20 mL of ultrapure water. The mixture
was stirred at room temperature for 72 hours and filtered
using 0.45 um filter paper. The solution was frozen at —80°C

and subsequently freeze-dried for 24 hours at —55°C. Freeze-
drying method was employed to convert the complex from
the liquid to solid state.

Western blotting analysis

The HT-29 cells were centrifuged at 1,000 g for 10 minutes
and the cell pellet collected and lysed with lysis buffer
(50 mM Tris—HCI pH 8.0, 120 mM NacCl, 0.5% NP-40,
I mM phenylmethylsulfonyl fluoride). Protein 40 pug was
loaded onto 10% sodium dodecyl sulfate-polyacrylamide gels
and electrophoresed. After electrophoresis, the protein was
transferred to a polyvinylidene difluoride (PVDF) membrane
(Bio-Rad; Hercules, CA, USA) and the membrane blocked
with 5% non-fat dry milk in tris-buffered saline-Tween buffer
7 (0.12 M Tris-base, 1.5 M NaCl, 0.1% Tween 20) at room
temperature for 2 hours. The membrane was then incubated
with primary mouse antibody either against $-actin (1:2,000),
caspase-3 (1:2,000), cytochrome c (1:2,000), Bax (1:2,000),
Bcel-2 (1:2,000), p12 (1:2,000), p53 (1:2,000) or PARP
(1:2,000) (Genomax Technologies Sdn Bhd., Selangor,
Malaysia) overnight at 4°C followed by incubation with
horseradish peroxidase-conjugated secondary antibody (goat
anti-mouse 1:1,000) for 1 hour at room temperature. Protein-
antibody complexes were detected by chemiluminescence
(ECL System) (WesternBrightTM, Advansta, Menlo Park,
CA, USA) before autoradiography (ChemiDoc MP imaging
System/Bio-Rad, Kuala Lumpur, Malaysia).

Reverse transcription-polymerase chain
reaction (RT-PCR)

RNA extraction

The extraction was done using the Aurum Total RNA Mini
kit (Bio-Rad). After treatments, the cells were transferred to
a2 mL microcentrifuge tube and centrifuged at 20,000x g for
2 minutes. The supernatant was discarded and 350 L lysis
solution added to each tube followed by 350 uL 70% ethanol,
and mixed thoroughly to obtain the homogenized lysate. The
RNA binding column was inserted into a 2 mL wash tube and
700 uL homogenized lysate pipetted into the RNA binding
column that was then centrifuged at 20,000x g for 30 seconds.
Then, 700 UL low stringency wash solution was added to the
RNA binding column and the column centrifuged at 20,000x g
for 30 seconds. The ribonuclease-free deoxyribonuclease 1
was then added with mixing followed by 700 uL high strin-
gency wash solution. After centrifugation at 20,000x g for 30
seconds, the wash solution was discarded and replaced with
700 uL of fresh low stringency wash solution. The column
was recentrifuged at 20,000x g for 1 minute before discarding
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the wash solution. Then, the RNA was left for 1 minute before
centrifuging at 20,000x g for 2 minutes to obtain the RNA.
Nanodrop Bio Spectrometer was employed to quantify the
RNA. All centrifugations were performed in the Eppendorf
5424 microcentrifuge (Eppendorf, Hamburg, Germany).

cDNA synthesis

First-strand complementary DNA (cDNA) was synthesized
from 600 ng RNA using the iScript cDNA Synthesis kit
(Bio-Rad). The cDNA synthesis was performed in the
Mastercycler Gradient (Eppendorf AG, Eppendorf, Hamburg,
Germany). The total reaction volume (cDNA 20 pL reaction)
comprised of: 5x iScript reaction mix (4 UL ), iScript reverse
transcriptase (1 L), nuclease-free water (13 uL) and RNA
template (2 uL). The reaction mixture was incubated for
5 minutes at 25°C, then for 30 minutes at 42°C. The reac-
tion mixture was finally heated at 85°C for 5 minutes and
the synthesized cDNA stored at —20°C.

The cDNA PCR amplification

cDNA PCR amplification was carried out using a thermal
cycler (C1000 Touch, Bio-Rad), and a My Taq Mix kit (Bio-
line, Taunton, MA, USA) was used for amplification. All the
primers sequences used in RT-PCR were analyzed and com-
ponents of the PCR reaction are described in Tables 1 and 2.

PCR condition

[-actin, p53 and Bax

The PCR cycling conditions for B-actin, p53, Bax were;
amplication at 95°C for 1 minute, denaturation for 30 cycles
at 95°C for 15 seconds, annealing at 60°C for 15 seconds,
and primer extension at 72°C for 10 seconds, and with a final
extension at 72°C for 7 minutes.

Table | Primer sequences of primers used in RT-PCR

Primers Forward primer Reverse primer
Caspase-3 TCA CAG CAA AAG CGT CAA AGG AAA
GAG CAGTTT AGG ACT CAA
Caspase-9 CCA GAG ATT CGC GAG CAC CGA CAT
AAA CCAGAG G CAC CAAATCC
Caspase-8 GAA AAG CAA ACC CCAAGT GTGTTC
TCG GGG ATAC CATTCCTGT C
p53 TGT GGA GTATTT GAA CAT GAGTTT
GGATGA CA TTT ATG GC
Cyclin A GTC ACCACATAC AAG TTT TCCTCT
TAT GGA CAT G CAG CACTGAC
Bax CAC CAG CTCTGA GCG AGG CGG
GCA GAT TGA GCA CTC
B-actin TCA CCC TGA AGT CCATCT CTT GCT
ACC CCATC GCA AGT CC

Abbreviation: RT-PCR, reverse transcription-polymerase chain reaction.

Table 2 The components of PCR reaction

Components Volume (uL)
My Taq Mix, 2x 25

Forward primer |

Reverse primer |

cDNA template 4

Water (ddH,0) 19

Total volume 50

Abbreviations: cDNA, complimentary DNA; PCR, polymerase chain reaction.

Caspases-9 and -8

The PCR cycling conditions for caspases-9 and -8 were;
amplification at 95°C for 1 minute, denaturation for 30 cycles
at 95°C for 15 seconds, annealing at 56.6°C for 15 seconds,
primer extension at 72°C for 10 seconds, and final extension
at 72°C for 7 minutes.

Cyclin A

The PCR cycling conditions for cyclin A were; amplication
at 95°C for 1 minute, denaturation for 30 cycles at 95°C for
15 seconds, annealing at 52°C for 15 seconds, and primer
extension at 72°C for 10 seconds, and final extension at 72°C
for 7 minutes.

Agarose gel electrophoresis preparation
Agarose gel has been used to separate RNA. Agarose gel
electrophoresis (1.5%) was prepared by dispensing 1.5 g
agarose powder in a 200 mL conical flask containing 100 mL
running buffer, which was prepared by mixing 2 mL stock
TAE (50x) (a buffer solution containing a mixture of Tris
base, acetic acid and EDTA) with 98 mL distilled water.
The agarose gel was placed in the microwave to melt. Then,
1 uL 10 mg/mL ethidium bromide was added to the melted
agarose gel and the gel poured into the casting tray to solidify.
TAE buffer was poured into the chamber to completely
submerge the gel.

RNA samples preparation

Each sample was mixed with loading buffer and 1 uL loading
dye was mixed with 5 UL sample. The samples were loaded
into the wells and the gel electrophoresed for 60 minutes at
110 Volts. The bands were then visualized under ultraviolet
light (Bio-Rad gel documentation system/Bio-Rad).

Results

Western blot analysis

Caspase-3

When the HT-29 cell line was exposed to 3 pg/mL of DEN
and DEN-HPBCD for 24 hours, caspase-3 protein expression
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Figure | Expression of caspase-3 protein in HT-29 cells treated with DEN and
DEN-HPBCD-treated for 24 hours.

Notes: Caspase-3 protein expression peaked at treatment concentration of
12 pg/mL. Values are ratio = SD. *Significantly (p<<0.05) different from control (0
ug/mL). The data were analysed by one-way analysis of variance.

Abbreviations: Conc, concentration; DEN, dentatin; HPRCD, hydroxypropyl-B-
cyclodextrin; HT-29, human colon cancer.

increased by 1.86-fold and 1.13-fold compared with that in
untreated cells, respectively. At 6 pg/mL, the expression
was markedly increased by 2.73- and 1.76-fold while the
highest increase was obtained when the treatments were
given at 12 ug/mL, at 3.66- and 2.66-fold, respectively. With
24 pg/mL treatment concentration, the increase in the cas-
pase-3 protein expression was slightly lower than at 12 pg/mL

0 3 6 12 24
Caspase-3 ™% Cd . Bl

Cytochrome ¢ "= S s s a—
p53 el — ey G

Bcl-2

“—-
Bax - e o w—

p21 ----~
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B-actin - > GEE S_—
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(Figure 1). The results show that caspase-3 protein expression
was induced by DEN and DEN- HPBCD in a dose-dependent
manner, with free DEN producing greater effect.

Cytochrome c

Figure 2 shows expression of cytochrome c protein in colon
cancer HT-29 cells treated for 24 hours with DEN and
DEN-HPBCD complex. There were gradual increases in the
cytochrome ¢ expression with increase in dose. The greatest
effect was seen with 24 pg/mL of DEN and DEN-HPBCD
complex treatments that increased the cytochrome ¢ protein
expression by 1.79- and 1.29-fold higher than the controls,
respectively (Figure 3).

p53

The expressions of p53 protein in DEN- and DEN-
HPBCD-treated HT-29 cells are shown in Figure 4. The
HT-29 cells showed marked increase in p53 protein
expression in a dose-dependent manner. The highest
pS53 protein expression was with 24 pg/mL DEN and
DEN-HPBCD complex treatments, reaching ~238% and
213% that of the control cells, respectively.

Bcl-2

Bcl-2 protein expression in HT-29 cells decreased gradu-
ally with increase in DEN and DEN-HPBCD complex

24 ug/mL

3 6 12

— — — . sl

I S——— —

e SR —

—— — — —

Figure 2 Expression of pro- and anti-apoptotic proteins, p2| and PARP in HT-29 cells shown by Western blot analysis.
Note: DEN and DEN-HPBCD treatment increased caspase-3, cytochrome ¢, p53, Bax, and p2| and reduced Bcl-2 and PARP protein expressions.
Abbreviations: DEN, dentatin; HPBCD, hydroxypropyl-B-cyclodextrin; PARP, poly (ADP-ribose) polymerase.
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Figure 3 Expression of cytochrome c protein in HT-29 cells treated with DEN and
DEN-HPBCD for 24 hours.

Notes: Cytochrome c protein expression peaked at treatment concentration of
24 pg/mL. Values are ratio £ SD. *Significantly (p<<0.05) different from control
(0 pug/mL). The data were analysed by one-way analysis of variance.
Abbreviations: Conc, concentration; DEN, dentatin; HPBCD, hydroxypropyl-f3-
cyclodextrin; HT-29, human colon cancer.

concentrations reaching the lowest value at treatment con-
centrations of 12 and 24 pug/mL (Figure 5).

Bax

Pro-apoptotic Bax protein expression in HT-29 cells treated
with DEN and DEN-HPBCD complex is shown in Figure 2.
The expressions of the protein increased with increase in
treatment concentration. The highest expression was at 12
ug/mL of DEN and DEN-HPBCD complex, reaching ~180%
and 170% of the control values, respectively (Figure 6).

2.6
1 | I DEN
24 | mmn DEN-HPBCD
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Fold changes
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0.8

6 12
Conc (mg/mL)

Figure 4 Expression of p53 protein in HT-29 cells treated with DEN and
DEN-HPBCD for 24 hours.

Notes: Expression of p53 protein peaked at treatment concentration of 24 pg/mL.
Values are ratio + SD. *Significantly (p<<0.05) different from control (0 pig/mL). The
data were analysed by one-way analysis of variance.

Abbreviations: Conc, concentration; DEN, dentatin; HPBCD, hydroxypropyl-f3-
cyclodextrin; HT-29, human colon cancer.

DEN-HPBCD for 24 hours.

Notes: Expressions of Bcl-2 protein were lowest with 12 and 24 ug/mL treatment
concentrations. Values are ratio £ SD. *Significantly (p<<0.05) different from control
(0 pug/mL). The data were analysed by one-way analysis of variance.
Abbreviations: Conc, concentration; DEN, dentatin; HPBCD, hydroxypropyl-f3-
cyclodextrin; HT-29, human colon cancer.

p2l

Treatment with 3 pg/mL DEN and DEN-HPBCD did not
cause significant (p>0.05) up-regulation in p21 protein
expression of HT-29 cells (Figure 7). Shape increases
in p21 expression began with 6 pg/mL DEN and DEN-
HPBCD complex treatment by 2.4- and 2.7-fold, respec-
tively (Figure 7). The p21 expressions peaked with
12 pg/mL DEN and DEN-HPBCD complex treatment, and
the expression decreased with treatment concentration of
24 ug/mL.

[ DEN *
[Nl DEN-HPBCD

1.8 4

-
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1

-
N

Fold changes

1.0 4

0.8 4

6
Conc (mg/mL)

12

Figure 6 Expression of Bax protein in HT-29 cells treated with DEN and
DEN-HPBCD for 24 hours.

Notes: Expressions of Bax protein were highest at |2 ug/mL treatment
concentrations. Values are ratio * SD. *Significantly (p<<0.05) different from control
(0 pug/mL). The data were analysed by one-way analysis of variance.
Abbreviations: Conc, concentration; DEN, dentatin; HPBCD, hydroxypropyl-f-
cyclodextrin; HT-29, human colon cancer.
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Figure 7 Expression of p2l protein in HT-29 cells treated with DEN and
DEN-HPBCD for 24 hours.

Notes: Expression of p2l protein peaks at 12 pg/mL treatment concentration.
Values are ratio = SD. *Significantly (p<<0.05) different from control (0 pg/mL).
The data were analysed by one-way analysis of variance.

Abbreviations: Conc, concentration; DEN, dentatin; HPBCD, hydroxypropyl-3-
cyclodextrin; HT-29, human colon cancer.

Poly (ADP-ribose) polymerase

Expression of PARP protein decreased, compared with
control, with DEN and DEN-HPBCD complex treatments
at all concentrations showing both compounds suppressed
PARP expressions (Figure 8).

Reverse transcription-polymerase chain
reaction

RT-PCR was used to determine the effect of DEN and
DEN-HPBCD complex on certain apoptosis- and cell cycle-
associated genes in HT-29 cells. RT-PCR analysis of mRNA

[ DEN
[0l DEN-HPBCD

N
o
L1y

-
oo
1

- -
» o
PR I

Fold changes
5
PR |

0.8
0.6 i
041
- 0 3 6 12
Conc (ug/mL)

Figure 8 Expression of PARP protein in HT-29 cells treated with DEN and
DEN-HPBCD for 24 hours.

Notes: Expression of PARP was downregulated by treatment with all concentrations
of DEN and DEN-HPBCD complex. Values are ratio + SD. *Significantly (p<<0.05)
different from control (0 pg/mL). The data were analysed by one-way analysis of
variance.

Abbreviations: Conc, concentration; DEN, dentatin; HPBCD, hydroxypropyl-p-
cyclodextrin ; HT-29, human colon cancer; PARP, poly (ADP-ribose) polymerase.

expression for samples was estimated by the thickness
of bands.

Caspase-3

Figure 9 shows the gene expression caspase-3 in HT-29 cells
treated with DEN and DEN-HPBCD complex. The expres-
sion of caspase-3 gene in the HT-29 was up-regulated as a
result of treatments. The highest expression in the DEN-
treated cells was with treatment concentration of 12 pg/mL
(Figure 9). DEN produced greater effect on HT-29 caspase-3
gene expression than DEN-HPBCD complex.

Caspase-9

Caspase-9 gene expression increased in the DEN- and
DEN-HPBCD complex-treated HT-29 cells (Figure 10).
The results show that caspase-9 decreased when the DEN

— - -440bp'

DEN-HPBCD (pg/mL)

Figure 9 RT-PCR analysis for caspase-3 mRNA expression in HT-29 cells treated
with DEN and DEN-HPBCD complex for 24 hours.

Notes: M = marker. The size of caspase-3 gene is 440 bp.

Abbreviations: DEN, dentatin; HPBCD, hydroxypropyl-B-cyclodextrin; HT-29,
human colon cancer; RT-PCR, reverse transcription-polymerase chain reaction.
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Dentatin (ug/mL)

Dentatin (ug/mL)

DEN-HPBCD (ug/mL)

Figure 10 RT-PCR analysis for caspase-9 mRNA expression in HT-29 cells treated
with DEN and DEN-HPBCD complex for 24 hours.

Notes: M = marker. The size of caspase-9 gene is 88 bp. The upper series of bands
belong to another gene.

Abbreviations: DEN, dentatin; HPBCD, hydroxypropyl-B-cyclodextrin; HT-29,
human colon cancer; RT-PCR, reverse transcription-polymerase chain reaction.

concentration exceeded 6 Lg/mL. Clear increase in caspase-9
expression in DEN-HPBCD-treated cells began at 12 ug/mL
treatment dose.

Caspase-8

Caspase-8 gene expressions in HT-29 cells treated with
DEN and DEN-HPBCD complex are shown in Figure 11.
The highest gene expressions were at 6 and 12 pug/mL of
both compounds. The caspase-8 gene expression decreased
when the treatment concentration increased to 24 pg/mL,
for both compounds.

Bax
Bax gene expression increased slightly after 24 hours
exposure to 3 ug/mL of DEN and DEN-HPBCD compared

DEN-HPBCD (pg/mL)

Figure |1 RT-PCR analysis for caspase-8 mRNA expression in HT-29 cells treated
with DEN and DEN-HPBCD complex for 24 hours.

Notes: M = marker. The size of caspase-8 gene is |13 bp.

Abbreviations: DEN, dentatin; HPBCD, hydroxypropyl-B-cyclodextrin; HT-29,
human colon cancer; RT-PCR, reverse transcription-polymerase chain reaction.

with control (Figure 12). The expression level continued to
increase gradually with increase in treatment concentrations.
The Bax gene expression was greatest at treatment dose
of 12 ug/mL.

p53

Figure 13 shows the p53 gene expressions in HT-29 cells
after treatment with DEN and DEN-HPBCD. The expression
levels of p53 gene in the HT-29 cells increased with increase
in treatment concentrations.

Cyclin A

After exposure of the HT-29 cells to DEN and DEN-HPRCD
for 24 hours, the cyclin A gene decreased with increasing
treatment concentrations (Figure 14). The untreated HT-29

Drug Design, Development and Therapy 2017:1 |
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Dentatin (ug/mL)

Dentatin (ug/mL)

DEN-HPBCD (ug/mL)

Figure 12 RT-PCR analysis for Bax mRNA expression in HT-29 cells treated with
DEN and DEN-HPBCD complex for 24 hours.

Notes: M = marker. The size of Bax gene is 515 bp.

Abbreviations: DEN, dentatin; HPBCD, hydroxypropyl-B-cyclodextrin; HT-29,
human colon cancer; RT-PCR, reverse transcription-polymerase chain reaction.

cells showed the highest cyclin A gene expression. The
DEN and DEN-HPBCD treatment downregulated HT-29
cell cyclin A gene.

B-actin

The B-actin expression in the HT-29 cells is shown in
Figure 15. The concentrations of DEN and DEN-HPBCD
complex did not seem to affect the expression of B-actin
gene in the treated cells. The gene was equally expressed at
all treatment concentrations.

Discussion

Cells exposed to stress respond by showing unique morpho-
logical and biochemical changes.!* Some cells die through
apoptosis, autophagy, or necrosis as a result of stress.'

DEN-HPBCD (pg/mL)

Figure 13 RT-PCR analysis for p53 mRNA expression in HT-29 cells treated with
DEN and DEN-HPBCD complex for 24 hours.

Notes: M = marker. The size of p53 gene is 610 bp.

Abbreviations: DEN, dentatin; HPBCD, hydroxypropyl-B-cyclodextrin; HT-29,
human colon cancer; RT-PCR, reverse transcription-polymerase chain reaction.

Whether the traumatized cells die depends on the extent
16

of type of injury and cell genotype.'® Both apoptosis and
autophagy are parts of the genetically encoded programmed
cell suicidal death with specific features.!” Such inherent
programs act as repair mechanisms to dispose of effete and
damaged cells without affecting homeostasis, the immune
system or tissue maintenance.'*

Our study attributed the effect of DEN on the HT-29
cells to apoptosis and cell cycle arrest. DEN, either free or
in complex with HPBCD caused the reduction in Bel-2 while
increasing Bax expression in a dose-dependent manner. This
effect can be attributed to the potential of the drug to affect
p53 expression. pS3 is a multifunctional protein involved in
activation of the transcription factors that regulate apoptotic
genes expression.!* With increase in p53 in the HT-29 cells,
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Dentatin (ug/mL)

Dentatin (ug/mL)

DEN-HPBCD (upg/mL)

Figure 14 RT-PCR analysis for cyclin A mRNA expression in HT-29 cells treated
with DEN and DEN-HPBCD complex for 24 hours.

Notes: M = marker. The size of cyclin A gene is 301.

Abbreviations: DEN, dentatin; HPBCD, hydroxypropyl-B-cyclodextrin; HT-29,
human colon cancer; RT-PCR, reverse transcription-polymerase chain reaction.

DEN inhibits proliferation of the cancer cells which contrib-
utes to its antitumor effect. DEN also induced an increase
in p21 protein expression in a dose-dependent manner. This
also impacts on the apoptotic pathway through the induction
of p53 gene and protein expression.

The G2 phase is highly dominated by 2 types of cyclin-
dependent kinase; cdk1 and 2 enzymes whose action is inhib-
ited by p21. DEN, free or as DEN-HPBCD also decreases
cyclin A which is responsible for the regulation of cell cycle
progression. The effects of DEN on the cycle regulators
results in G2 phase arrest in the treated HT-29 cells and this
effect increases with increase in treatment concentration.

The results also showed that both DEN and DEN-HPBCD
complex increased cytochrome ¢ expression in HT-29
cells. The effect of DEN on cytochrome ¢ was greater by

DEN-HPBCD (ug/mL)

Figure 15 RT-PCR analysis for f-actin mRNA expression in HT-29 cells treated
with DEN and DEN-HPBCD complex for 24 hours.

Notes: M = marker. The size of factin gene is 489 bp.

Abbreviations: DEN, dentatin; HPBCD, hydroxypropyl-B-cyclodextrin; HT-29,
human colon cancer; RT-PCR, reverse transcription-polymerase chain reaction.

DEN than DEN-HPBCD. This may be mediated through
the up-regulation of Bax and down-regulation of Bcl-2 fac-
tors regulating the mitochondrial membrane potential. The
cytochrome ¢ plays a majority role like caspase-3, -9, and
-8 in inducing apoptosis of the HT-29 cells.!® The DEN and
DEN-HPBCD complex at high doses had greater tendency
to induce necrosis rather than apoptosis. This effect is pos-
tulated to be the cause of decrease in caspase activities with
treatment of 24 pug/mL of the compounds. "

PARP acts as a safeguard against development of
single-stranded DNA breaks when the cells are exposed to
stressful stimuli.

When DNA damage occurs, PARP binds to the DNA to
begin repair.?’ This is the basis of cell survival in tissues. DEN
and DEN-HPBCD caused the down-regulation of PARP in

Drug Design, Development and Therapy 2017:1 |
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the HT-29 cells. This prevents damaged HT-29 cells from
recovering. By down-regulation of PARP, DEN and DEN-
HPBCD encourage damaged HT-29 cells to undergo apopto-
sis and this prevents the proliferation of the cancer cells.

Statistical analysis

All the experiments were conducted in triplicate, and the
results are reported in terms of mean + SD. Statistical
analysis was accomplished by using SPSS throughout the
experiments. The analysis of variance was carried out using
the analysis of variance technique, and a value of p<<0.05
was deemed to be of statistical significance.

Conclusion

The study shows that DEN and DEN-HPBCD complex are
toxic to the HT-29 cells. The anti-HT-29 cell effects of DEN
and DEN-HPBCD are through the induction of apoptosis
and cell cycle arrest. The results show that DEN-HPBCD,
in particular has potential to be developed into an anticancer
drug carrier system.
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