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Summary
Purpose: Colon cancer is a malignant disease with significant mortality. In the present study the anticancer effects
of a carbazole alkaloid, Dentatin, were examined against
colon cancer cells.
Methods: The colon cancer HT-29 cell line and the normal
CCD-18 CO colon cell line were used in the present study.
MTT assay was used to check the proliferation rate of the
cancer cells. Autophagy was detected by electron microscopy.
DNA damage was checked by alkaline comet assay. Cell cycle
analysis was performed by flow cytometry. Cell migration
was monitored by wound healing assay. Protein expression
was checked by western blot analysis.

times higher (ie.,100 µM). Dentatin inhibited the proliferation of the HT-29 cancer cells by triggering S-phase arrest.
This was also accompanied with increase in the expression
of cyclin D1 and decrease in the expression of Cyclin A and
B1. Moreover, Dentatin also induced autophagy in the HT29 cells which was associated with upregulation of LC3 II
and downregulation of Beclin-1 expression. Comet assay
revealed that Dentatin induced DNA damage in the HT-29
cells. Dentatin also significantly inhibited the migration of
the HT-29 cells. Finally the effects of Dentatin were examined
on the JAK/STAT signalling pathway and it was found that
Dentatin inhibited this pathway.

Conclusion: Dentatin may prove to be an essential lead
Results: The results showed that Dentatin inhibited the
molecule for the management of colon cancer.
growth of HT-29 cancer cells in a concentration-dependent
manner and with IC50 of 25 µM. However, the IC50 of Den- Key words: colon cancer, dentatin, autophagy, migration,
tatin against the normal CCD-18CO colon cells was four S-phase arrest

Introduction
Colon cancer, a serious health issue, is considered to be the third most prevalent of cancer in
most developed countries and the second in mortality in the western countries [1]. Owing to high
rate of relapses, emergence of drug resistance and
the adverse effects connected with chemotherapy,
colon cancer associated mortality is increasing [2].
Therefore, identification and development of novel
anticancer molecules with lower side effects may
prove beneficial. Naturally occurring compounds

with anticancer activities have attained attention
due to their lower toxicity [3]. Dentatin is an important coumarin derivative mainly isolated from
Murraya koenigii [4]. Coumarins have been shown
to exhibit anticancer effects against a wide range of
cancers and Dentatin is no exception [5]. Dentatin
has been shown to inhibit the growth of prostate
cancer cells by inducing apoptotic cell death [6].
Dentatin has also been shown to cause arrest of
MCF-7 cancer cells in the G0/G1 phase of the cell
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cycle [7]. However, the anticancer effects of Den- viability of the HT-29 and the CCD-18CO cells was then
tatin have not been fully studied on colon cancer. determined by taking absorbance at 570 nm.
Henceforth, this study was designed to examine the
Transmission electron microscopy (TEM)
anticancer effects of Dentatin against colon cancer
For electron microscopy, the cells were fixed with
cells and to explore the underlying mechanism.

Methods
Cell lines and culture conditions
The colon cancer HT-29 and the normal CCD-18CO
cell lines were obtained from the Cancer Research Institute of Beijing (Beijing, China) and maintained in
Dulbecco’s modified Eagle’s medium (Invitrogen Life
Technologies, Mass, USA), supplemeneted with 10% fetal bovine serum (FBS) (Invitrogen), 100μg/ml streptomycin and 100U/ml penicillin G (Himedia, Pennsylvania,
USA) in an incubator at 37°C with 5% CO2.

4% glutaraldehyde, 0.05 M sodium cacodylate solution,
post-fixed in 1.5% OsO4, and dehydrated in alcohol. They
were then prepared for flat embedding in Epon 812 and
then observed using Zeiss CEM 902 electron microscope.
Cell cycle analysis

The HT-29 colon cancer cells were incubated with
varied concentrations of Dentatin (0, 9, 18 and 36 µM)
for 24 h. The cells were washed with phosphate buffered
saline (PBS). Afterwards, the HT-29 cells were stained
with propidium iodide (PI) and the distribution of cells
in the cell cycle phases was assessed by FACS flow
cytometer.

Cell viability assay

Cell migration assay

Briefly, at around 70% confluence, HT-29 and the
CCD-18CO cells were seeded in 96-well plates and treated with 0-200 µM of Dentatin in Dulbecco’s modified
Eagle’s medium. After 24-h incubation, the cells were
incubated with MTT for another 4 h. After this, the medium was removed and the colored formazan product
was solubilized by 200 µl of dimethyl sulfoxide. The

Cell migration was examined by wound healing
assay. In brief, the HT-29 colon cancer cells cultured
in 6-well plates in Dulbecco’s modified Eagle’s medium
were scratched by 10 μl pipette tip and were treated with
25 µM of Dentatin, photographed under the microscope
and then incubated at 37°C and photographed again after
24 h.

Figure 1. (A): Chemical structure of Dentatin. (B): Effect of Dentatin on the cell viability of colon cancer cell line HT-29
and (C): of normal cell line CCD-18CO. The experiments were performed in triplicate and the values represent mean ±
SD (*p<0.05).
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Western blotting

Statistics

The HT-29 cells were firstly washed with ice-cold
PBS and suspended in a lysis buffer at 4°C. Thereafter,
the protein content of each cell extract was checked
by Bradford assay. About 40 µg of protein was loaded
from each sample and separated by SDS-PAGE before
being shifted to polyvinylidene fluoride membrane. The
membranes were then subjected to treatment with trisbuffered saline (TBS) and exposed to primary antibody at
4°C. Afterwards, the cells were treated with appropriate
secondary antibodies and the proteins of interest were
visualised by enhanced chemiluminescence
reagent.

The experiments were performed in triplicate and
the data are shown as mean ± SD. Statistical analysis was
done using Student’s t-test, and for graphs the GraphPad
prism 7 software was used. Values of p<0.05 were taken
as indicative of significant difference.

Results
Dentatin inhibited the proliferation of HT-29 colon
cancer cells
The anti-proliferative effects of Dentatin (Figure 1A) were examined on HT-29 colon cancer cells
and the normal CCD-18CO cells by MTT assay at
concentrations ranging from 0 to 200 µM. Dentatin
was found to halt the growth of the HT-29 cells
concentration-dependently (Figure 1B). The IC50 of
Dentatin against the HT-29 cells was 25 µM. On the
other hand, the effects of Dentatin on the proliferation of the CCD-18CO cells were different. The IC50
of Dentatin against the normal CCD-18CO cells was
four times higher (ie., 100 µM) (Figure 1B).
Dentatin arrested the HT-29 cells at S phase
To explore the underlying mechanism for the
anti-proliferative effects of Dentatin, the cycle
phase distribution of HT-29 cells was examined by
flow cytometry at 0, 12.5, 25 and 50 µM concentration of Dentatin. It was found that the percentage

Figure 2. Dentatin triggers G2/M arrest of the HT-29 colon
cancer cell line in a concentration-dependent manner, as depicted by flow cytometry. The experiments were performed
in triplicate.

Figure 3. Effect of Dentatin on the cell cycle related proteins in HT-29 cells as depicted by western blot analysis.
The Figure shows that dentatin inhibits cyclin A, D1 and
B1 in a concentration-dependent manner. The experiments
were performed in triplicate.
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Figure 4. Dentatin induces autophagy in HT-29 colon
cancer cells as evidenced from electron microscopy. The
arrows depict autophagic vesicles. The experiments were
performed in triplicate.
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of S phase cells increased significantly with 11.8%
in the control to 77.6% at 50 µM dose of Dentatin
(Figure 2). The arrest of the HT-29 cells at the S
phase was associated with changes in the expression of several of the cell cycle related proteins.
The protein expression of cyclin D1 considerably
increased upon Dentatin treatment while the expression of A and B1 was significantly increased
(Figure 3).
Dentatin induced autophagy in HT-29 cells
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autophagy was further confirmed by western blot
analysis. It was found that Dentatin treatment of
the HT-29 colon cancer cells caused significant
upregulation of the LC3 II protein expression.
However, the expression of the LC3 I remained
unaltered. Moreover, the expression the Beclin-1
was considerably decreased (Figure 5). Comet assay
was also performed and showed that Dentatin triggered dose-dependent damage in the HT-29 cells
(Figure 6).

Electron microscopic analysis of the Dentatintreated cells was performed to examine if Dentatin
induces autophagy in the HT-29 colon cancer cells
(Figure 4). It was found that Dentatin treatment
induced the formation of autophagic vacuoles in
HT-29 cells dose-dependently. The induction of

Figure 5. Effect of Dentatin on the autophagy related proteins in HT-29 cells as depicted by western blot analysis.
The Figure shows that dentatin enhances the expression of
LC3II expression in a dose-dependent manner. The experiments were performed in triplicate.

Figure 6. Comet assay showing the effect of Dentatin on
the DNA damage. The experiments were performed in triplicate and the values are mean ± SD (*p<0.05).

Figure 7. Dentatin inhibits the migration of the HT-29 colon cancer cells as depicted by wound healing assay. The experiments were performed in triplicate and the values represent mean ± SD (*p<0.05).
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Figure 8. Dentatin inhibits the JAK/STAT signalling pathway in HT-29 cells as depicted by western blot analysis. The
Figure shows that dentatin inhibits the JAK/STAT signalling pathway in HT-29 cells in a concentration-dependent manner. The experiments were performed in triplicate.

Dentatin inhibited the migration of HT-29 cells
The effect of Dentatin was also investigated on
the migration of the HT-29 cells by transwell assay.
It was found that Dentatin inhibited the migration
of the HT-29 cells in a concentration-dependent
manner. The wound width decreased considerably
in the control in comparison to Dentatin-treated
cells (Figure 7).
Dentatin inhibited the JAK/STAT
The effects of Dentatin were also examined
on the JAK/STAT signalling pathway by western
blot analysis. It was found that Dentatin inhibited
the phosphorylation of STAT1 (Tyr761), STAT1
(Ser727), STAT3 (Tyr765), STAT3 (Ser727), pJAK1,
JAK2 and JAK3 dose-dependently (Figure 8). However, the levels of STAT1, STAT3, JAK1, 2 and 3
remained constant.

Discussion
Colon cancer is a malignancy with high mortality worldwide. Over the years the incidence of
colon cancer has increased significantly [10]. To
curb the increasing incidence of colon cancer, new
treatment strategies need to be explored. Identification of the safer plant-derived anticancer agents
may prove essential to manage the growing incidence of the cancers around the world [11]. Herein,
JBUON 2019; 24(4): 1492

the anticancer effects of the carbazole alkaloid Dentatin were investigated on the HT-29 colon cancer
cells as well as the CCD-18CO normal colon cells.
Dentatin caused significant decrease in the viability of the HT-29 cells with minimal effects on the
viability of the normal CCD-18CO cells. Previous
studies had indicated that Dentatin causes arrest
of the cancer cells [7]. Hence, the effect of Dentatin
was also examined on the distribution of the HT-29
cells in different cell cycle phases and it was found
that this molecule caused arrest of the HT-29 cells
in the S-phase of the cell cycle. Studies have also
shown that many of the anticancer drugs halt the
growth of cancer cells by causing cell cycle arrest
[12]. Cycle cell arrest is associated with alteration
in the expression of several of the marker proteins
[13]. Herein, it was found that the expression of
cyclin D was increased while that of cyclin A and
B1 was considerably decreased. Next, the electron
microscopy analysis of the Dentatin-treated colon
cancer cells was also performed and the results
revealed that Dentatin triggers the formation of
autophagic vesicles in the HT-29 cells, indicative
of autophagy. Autophagy is a vital mechanism that
helps eliminate the harmful cells [14]. The induction of autophagy was also connected with upregulation of LC3 II and downregulation of Beclin-1
expression, which is characteristic of autophagy
[15]. Cell migration is considered important for
the development of metastasis of cancer cells [16]
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and herein we observed the effects Dentatin on the
migration of the HT-29 cells by transwell assay.
The results showed that this molecule inhibits significantly the migration of the HT-29 colon cancer
cells. Several of the signalling pathways are dysregulated in cancer cells and JAK/STAT signalling
is one such pathway. It plays an important role
in development and tumorigenesis of cancer cells
[8]. Studies have reported that JAK/STAT pathway
may prove a beneficial target for the anticancer
drugs [9] and in this study we found that Dentatin
blocks this pathway, indicative of its anticancer
potential.
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Conclusion
It is concluded that Dentatin inhibits the
growth of colon cancer cells by S-phase cell cycle
arrest and autophagy. It also inhibits the migration and modulates the expression of the JAK/STAT
pathway in colon cancer cells. As such, Dentatin
may prove a beneficial lead molecule and warrants
further investigations.
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