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In this study, we analyzed the differences in the induction of intrinsic apoptosis by camptothecin, 
rapamycin, paclitaxel, and vinblastine, which are representative anticancer drugs derived from plants or 
chemically recombinant substances, to control colon cancer cells efficiently. The human colon cancer cell 
line HCT116 was used, HCT116 cells were cultured, and IC50 value of each compound was analyzed in 
the concentration range of 10–100 μM/mL. In addition, we analyzed the expression patterns of apoptosis 
markers in cells using western blotting and zymography and analyzed apoptosis activity using CCK-8 
assay and Annexin V fluorescence detection. The study results showed an average IC50 value of 47.95 μM/
mL. However, at different concentrations (20, 30, and 40 μM/mL) of each anticancer drug, the mechanism 
underlying the cell death was different. In particular, except for the camptothecin treatment group, it 
was con-firmed that MMP-9 activity was the mainly responsible for cell death, and camptothecin and 
rapamycin induced apoptosis, cytoplasmic necrosis, and morphological changes. In contrast, vinblastine 
and paclitaxel showed increased expression of Casp-3 and a key player in apoptosis induction, compared 
with the other treatment groups. Camptothecin, rapamycin, paclitaxel, and vinblastine induced apoptosis 
of colon cancer cells. Among them, camptothecin and rapamycin could induce cell death through various 
pathways compared with vinblastine and paclitaxel.

INTRODUCTION

Colorectal cancer (CRC) is the third most common 
cancer worldwide and the second most prevalent 

cancer in South Korea (Cha and Kim, 2019; Shin et al., 
2023). In 2021, the incidence rate of CRC in South Korea 
was 45 cases per 100,000 individuals, which was the highest 
among 184 countries. This rate is more than twice the 
global average (19.8 cases) and significantly surpasses that 
in other advanced nations, such as Slovakia (42.7 cases),
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Hungary (42.3 cases), and Denmark (40.5 cases) (Thursby 
and Juge, 2017; Kim and Lee, 2021). The medical 
community recognizes CRC as a highly significant cancer. 
Early detection is crucial for effective treatment of CRC 
owing to late onset of symptoms. Major risk factors 
associated with CRC include aging, a red meat-centered 
diet, obesity, smoking, alcohol consumption, and genetic 
predisposition (Sung et al., 2019; Patel et al., 2022). 
Surgical resection and postoperative chemotherapy is the 
standard approach for controlling the spread of cancer cells. 
However, chemotherapy often serves palliative purposes, 
and its efficacy is compromised by the development of 
chemoresistance to second-line treatments in patients with 
CRC (Shin et al., 2019; Kang et al., 2019). Chemotherapy 
is toxic to normal cells, leading to increased necrosis and 
reduced apoptosis.

These findings underscore the critical need for a 
strategic therapeutic approach that emphasizes the use 
of natural substances or appropriate anticancer agents to 
achieve safe and effective synergies rather than relying 
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solely on cytotoxic drugs for the management of patient 
with CRC (Kim et al., 2020, 2023; Kim, 2022). Research 
on anticancer effects of natural compounds and other 
chemicals related to CRC has been steadily increasing 
since 1990 and is currently ongoing. Specifically, these 
substances reduce cellular toxicity, induce natural cell 
death, and regulate cytokines through immune responses 
in CRC cells (Huang et al., 2021; Abdulridha et al., 2020; 
Zhao et al., 2022).

Camptothecin (CPT) is a notable compound that 
inhibits DNA topoisomerase activity and induces cell 
death (Beretta et al., 2013). Another example is rapamycin 
that suppresses the activity of the mechanistic target of 
rapamycin (mTOR) in cells, thereby promoting autophagy 
and controllinsg cancer cells through self-regulation 
(Selvarani et al., 2021). Additionally, paclitaxel induces 
the activation of M1/M2 macrophage polarization by 
stimulating phosphatidylinositol 3-kinase γ (PI3Kγ), 
thus modulating immune responses in cancer cells (Song 
et al., 2022). Vinblastine, another natural compound 
known for its immune-enhancing effects and regulation 
of cancer cell metabolism, regulates the normal function 
of microtubules within cancer cells, thereby controlling 
cell division (Moreno-Velasco et al., 2022). In addition, 
it induces morphological changes in cancer cells through 
intracellular toxicity.

These approaches to cancer cell control focus not 
only on direct destruction of cancer cells or simultaneous 
cytotoxicity to surrounding cells but also on regulating 
intrinsic cellular processes to induce cell death. However, 
comparative data regarding the practical differences 
among the aforementioned anticancer agents are scarce, 
and a comprehensive comparison of pathways actively 
involved in inducing cell death using cancer cell lines is 
lacking (Zhai et al., 2023; Tong et al., 2022).

Therefore, in this study, we aimed to analyze the 
differences in cell death induction among camptothecin, 
rapamycin, paclitaxel, and vinblastine at varying 
concentrations using CRC cell lines.

MATERIALS AND METHODS

Culture of HCT116 cell line
Approximately 1x105 HCT116 cells (ATCC, 

Manassas, VA, USA), human CRC cell line used in this 
study, were cultured in 6-well plates in Dulbecco’s modified 
Eagle’s medium (Gibco, Carlsbad, CA) supplemented 
with 10% fetal bovine serum (Gibco, Waltham, MA, USA) 
and 3% antibiotic (Sigma, St. Louis, MO, USA), replaced 
with fresh media every 48 h, and cultured for one week. 
IC50 (half-maximal inhibitory concentration) was then 
determined. To measure the cytotoxicity, camptothecin, 

rapamycin, paclitaxel, and vinblastine were used in the 
concentration range of 10 μM/mL to 100 μM/mL, and 
Ez-Cytox (Enhance Cytotoxicity Assay Kit: Dogen, 
Seoul, Korea) was used according to the manufacturer’s 
instructions. Cell viability (%) was calculated as the ratio 
of the optical density of cells treated with each compound 
to that of the control group.

Cytotoxicity assay 
Cytotoxicity of each compound against HCT116 cells 

was determined at various concentrations of 20, 30, and 
40 μM/mL; the cells were cultured for 24 h, and TI2-U 
(Nikon, Tokyo, JAP) was used for morphological analysis 
of the cells. The cytotoxicity of each compound against 
the cancer cell line was measured by ELISA using the Cell 
Counting Kit-8 (CCK-8; Sigma) assay, which is based on 
dehydrogenase activity detection in viable cells. In this 
assay, WST-8 was reduced, and absorbance of the product 
was measured at 450 nm, according to the manufacturer’s 
instructions. A comparative analysis was performed based 
on the OD values of untreated cells (Kim et al., 2023).

Western blot
Proteins (50 μg) extracted from HCT116 cells cultured 

with each compound were separated by 13% sodium-
dodecyl-sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) and then transferred to a polyvinylidene fluoride 
(PVDF) membrane (Bio-Rad, Hercules, CA) and blocked 
with 5% non-fat dry milk. The primary antibodies for β-actin 
(sc-47778: Santa Cruz Biotechnology Inc., Texas, USA), 
TNF-α receptor (sc-374186: Santa Cruz Biotechnology 
Inc.), and Casp-3 (ab13847: Abcam, Cambridge, UK) 
were mixed with blocking buffer, incubated for 2 h, and 
then washed thrice with washing buffer (0.1% v/v Tween 
20, 50 mM Tris-HCl (pH 7.6), 200 mM NaCl) for 15 min 
each time. Anti-rabbit or anti-mouse secondary antibodies 
(Abcam) were diluted to 1:3000 in blocking buffer and 
incubated for 2 h. Afterward, the membrane was exposed 
to electrochemiluminescence detection reagent (Sigma) 
for 5 min and then analyzed using Kodak IS4000MM 
(Kodak, NY, USA) for 10–20 min.

Gelatin zymography
Total protein (50 μg) was added to 10 μL FOZ loading 

buffer (5% bromophenol blue, 10% SDS, and 2% glycerol) 
to analyze matrix metalloproteinase (MMP) response 
against HCT116 cell proteins. After mixing and incubation 
on ice for 5 min, electrophoresis was performed at 150 
V for 1 h and 30 min using SDS-PAGE gel containing 
100 mg/mL gelatin. After electrophoresis, the gel was 
incubated with renaturation buffer (2.5% Triton X-100, 
1-X PBS) twice for 20 min to induce protein regeneration 
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and then washed with sterile water for 20 min. The cells 
were placed in zymography reaction buffer (1 M Tris-
HCl pH 7.5, 5 M NaCl, 1 M CaCl2, 0.2 mM ZnCl2, 0.2% 
Triton X-100, 0.02% NaN3) and allowed to react for 18 h 
at 37°C. After completion of the reaction, the zymography 
gel-derived proteins were stained with Coomassie Brilliant 
Blue (Bio-Rad) for 1 h. The faded and discolored parts 
were then analyzed (Kim et al., 2013).

Cell cycle analysis by propidium iodide (PI/ANNEXIN V)
To analyze the membrane damage of HCT116 cells 

after treatment with each compound, the cells were 
separated using 0.05% trypsin-EDTA (Thermo Fisher 
Scientific Inc., Waltham, USA) and then analyzed using 
PI/Cell Cycle Analysis Kit (Canvax Biotech, Córdoba, 
Spain). Fluorescence intensity of PI-red fluorescence 
(%) and ANNEXIN V-green fluorescence (%) was 
measured by repeating the red/green fluorescence signal 
approximately five times or more according to the rich 
fluorescence application method of Guava Muse flow 
cytometer (Millepore, Turku, Finland).

 Immunofluorescence of annexin V- FITC/PI
Apoptosis and necrosis of HCT116 cells were 

analyzed by treating the cells with each compound; the 
cells were cultured in 12-well plates for 24 h, fixed with 
3% paraformaldehyde, and incubated in Dulbecco’s 
Phosphate-Buffered Saline (D-PBS; Thermo Fisher 
Scientific. Inc., Waltham, MA, US) and V-FITC (Shanghai 
Beibo Ltd, China) analyzed according to the manufacturer’s 
instructions. The cells were then analyzed using a confocal 
microscope (Nikon C1; Nikon) (Zhang et al., 2011).

Immunofluorescence of Casp-3 and BCL-2
The protein expression of apoptosis-associated markers 

in HCT116 cancer cells was analyzed by immunostaining, 
following our previously reported protocols (Ji et al., 
2019; Im et al., 2019). Cells treated with each anticancer 
drug were fixed in 4% paraformaldehyde overnight at 
4°C, washed for 30 min in PBS, and permeabilized with 
0.2% Triton X-100 for 30 min at room temperature. 
After blocking with 3% bovine serum albumin in PBS, 
the samples were incubated with antibodies against the 
active forms of BCl-2 (sc-492, Santa Cruz Biotechnology 
Inc.), Caspase-3 (sc-373730, Santa Cruz Biotechnology 
Inc.),), actin (sc-47778, Santa Cruz Biotechnology Inc.) 
and Dynactin p62 (sc-25730, Santa Cruz Biotechnology 
Inc.) at a 1:300 dilution. Subsequently, the samples 
were washed and incubated at room temperature for 2 h 
with secondary antibodies: Alexa Fluor™ 488 (A11001, 
Invitrogen, MA, USA) and Goat Anti-Rabbit IgG (H+L) 
Dylight 594 (35560, Invitrogen, MA, USA), both at a 1:300 

dilution. Nuclei were counterstained with 4′,6-diamidino-
2-phenylindole (DAPI) (Sigma), and the samples were 
mounted using fluorescence mounting medium. Finally, 
they were imaged using a fluorescent microscope (TI2-U: 
Nikon, Tokyo, Japan)

Statistical analysis
ELISA data were analyzed using the Statistical 

Package for Social Sciences (IBM SPSS Statistics for 
Windows, version 23.0; IBM Corp, Armonk, NY). 
Duncan’s multiple range test was used to determine the 
differences in mean values for each treatment group. 
Statistical significance was set at P<0.05.

RESULTS

Cell viability and IC50 of anticancer drug-treated HCT116 
cells

The survival rate of HCT116 cells after treatment 
with anticancer drugs was observed to be 83–92% when 
exposed to 10 μM compared to 0 μM dp. However, 
it decreased to 21–11% at an exposure to 70 μM 
concentration for most anticancer drugs. Further, when 
exposed to a concentration of 90 μM or more, the cell 
survival rate rapidly decreased to 6.5–8.7%. The IC50 of 
each anticancer drug was confirmed to be 44.25 μM/mL 
for camptothecin, 50.65 μM/mL for rapamycin, 52.65 μM/
mL for vinblastine, and 44.25 μM/mL for paclitaxel. The 
average IC50 of the added anticancer agents was 47.95 μM/
mL, and it was confirmed that the added anticancer agents 
affected the activity of colon cancer cell lines (Fig. 1).

 
B 

A 

 

 

Fig. 1. Analysis of cell changes and death according to 
substance treatment concentration. A, Morphological 
changes in cells after treating HCT116 cells with a 
substance at a concentration of 40 μg/mL for 24 h. 
Magnification: 400X. B, IC50 values of anticancer drugs 
against colon cancer cells. IC50 values were determined 
in the concentration range of 10–100 μg/mL against colon 
cancer cells. The IC50 values were used for the competitive 
combination test.
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Morphological changes and apoptosis in colon cancer 
cells exposed to anticancer drugs 

The results of cells exposed to the final experimental 
concentrations (20, 30, and 40 μM/mL) of each anticancer 
drug for 24 h are shown in Figure 2. For all the drugs used 
in the experiment, rapid formation of lumens within cell 
clusters and morphological changes in the cytoplasm were 
observed at 40 μM/mL. Additionally, small particles and 
apoptotic bodies were formed around the cells. Among the 
drugs, camptothecin exposure led to lumen formation to 
a lesser extent and small particle formation to a greater 
extent compared with those of the other anticancer agents. 
For rapamycin, gradual expansion of lumens occurred 
with increase in its concentration from 10 μM/mL to 
40 μM/mL, whereas the formation of apoptotic bodies 
around cell clusters occurred rapidly, compared with other 
drugs. Vinblastine exposure resulted in an increase in 
the formation of floating single cells in a concentration-
dependent manner; however, there was no significant 
difference in cell survival between 20 μM/mL and 30 
μM/mL, and cell apoptosis at 40 μM/mL was relatively 
low compared with other anticancer agents. Paclitaxel 
induced rapid morphological changes in cells at 20 μM/
mL compared with other drugs, resulting in an increase 
in floating cell clusters and gradual formation of small 
particles and apoptotic bodies (Fig. 2A, E). 

 A 

D

 

C 

B 
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Fig. 2. Analysis of morphological changes in colon cancer 
cells and cell viability rate. A, Morphological changes 
in the cells depending on the type and concentration of 
anticancer drugs. White circles indicate morphological 
differences between cells, and blue circles indicate lumen 
formation between cell layers (Magnification: 200X). B, 
Western blot analysis of TNF-ɑ and Casp-3 protein. C, 
The activity of MMPs was evaluated through zymography 
analysis in cells administered with each anticancer drug. 
D, The survival rate of cells was analyzed using the CCK-
8 assay kit. E, The expression patterns of cytoskeletal 
factors actin and dynectin were confirmed using 
immunofluorescence analysis (Magnification: 400X). 
Scale bar = 100 μm. *Different letters within the same 
column represent a significant difference (p < 0.05).

Apoptosis-inducing effect of each anticancer drug 
at different concentrations was analyzed based on the 
activities of apoptosis markers TNF-α and Casp-3 (Fig. 
2B, C). TNF-α activity increased in a concentration-
dependent manner following treatment with all anticancer 
drugs, but in the case of camptothecin, it increased sharply 
at 30 μM/mL while it was same at 20 and 40 μM/mL. 
Overall, TNF-α expression increased at a higher rate in the 
rapamycin and paclitaxel groups than in the other treatment 
groups. Caps-3 expression increased in a concentration-
dependent manner following treatment with camptothecin 
and paclitaxel, but its expression was relatively low in the 
rapamycin and vinblastine groups. 

According to CCK-8 analysis, the apoptotic activity 
of camptothecin and paclitaxel followed the same 
pattern, whereas it was lower at 30 μM/mL than at other 
concentrations of vinblastine. The CCK-8 activation-based 
apoptotic activity of rapamycin increased with an increase 
in its concentration (Fig. 2D). 

Analysis of the activity of MMPs involved in 
extracellular matrix decomposition showed that MMP-
2 activity was high in all groups, but MMP-9 activity 
was lower in the camptothecin treatment group at all 
concentrations than in the other treatment groups. In 
contrast, the MMP-9 activity in the rapamycin group 
gradually increased with concentration of rapamycin, 
whereas it showed a constant pat-tern at all concentrations 
of vinblastine. However, as paclitaxel concentration 
increased, MMP-9 activity decreased (Fig. 2C).

Expression of apoptosis following anticancer drug 
treatment

Apoptotic cells significantly increased in cells treated 
with each anticancer drug within 48 h (Fig. 3A and Table I). 
The order of apoptosis cell rate from highest to lowest was 
Paclitaxel > Vinblastine > Camptothecin > Rapamycin. 
Paclitaxel significantly attenuated cells in early apoptosis 
compared to the different treatment groups (p < 0.05). The 
early apoptotic (LR) rate was approximately 6.81E+05 in 
rapamycin and 3.48E+05 in vinblastine, both significantly 
higher than the 3.12E+05 in camptothecin, and 3.18E+05 
in paclitaxel. These results indicate that rapamycin is 
more effective in inducing early apoptosis than the other 
three anticancer drugs. The findings align with previous 
observations of cellular morphology.

Annexin V and PI activities were analyzed in cells 
following treatment with each compound at a concentration 
of 40 μM/mL. As a result, PI activity was high in the 
camptothecin and rapamycin groups, which was confirmed 
by Annexin V staining also. Therefore, cell death caused 
by the destruction of cell structure was due to necrosis and 
apoptosis at the same time. In contrast, the vinblastine and 
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Table I. Analysis of the differentially formed apoptotic cell death effect according to each anticancer treatment 
group.

Treatment group Cell concentration (Cells/mL) Gated (%)
LL LR UR UL

Camptothecin 4.10E+05* 3.12E+05 6.95E+05** 5.66E+04* 68.36
Rapamycin 4.60E+05* 6.81E+05* 1.41E+05 5.41E+03 63.86
Vinblastine 1.84E+05 3.48E+05 6.65E+05* 3.22E+04 82.42*

Paclitaxel 9.17E+04 3.18E+05 5.04E+05 2.17E+04 87.88**

LL, Live; LR, Early apoptotic; UR, Late Apop./ Dead; UL, Debris. *,**Different letters within the same column represent a significant difference (p < 0.05).

paclitaxel treatment groups showed that the activity of 
Annexin V was more pronounced than that of PI, and 
indicating apoptosis as the main cause of cell death 
compared with the other treatment groups. In addition, 
cell morphological changes confirmed more obvious 
cytoplasmic changes compared with the other two 
treatment groups (Fig. 3B).

 
A B 

Fig. 3. Effect of an anticancer drug on apoptosis was 
analysed. HCT-116 cells were treated with four anticancer 
(40 μg/mL), respectively, stained with annexin V-FITC/
PI and analysed by flow cytometry. A, flow cytometry 
analysis. B, Confocal microscopy analysis of Annexin-V-
FITC/PI. Magnification: 250X; Scale bar = 100 μm.

Comparison of expression of intracellular apoptosis 
factors and anti-apoptosis factors

The cellular expression patterns of caspase-3, a 
representative marker of apoptosis, and its counterpart 
BCL-2 were immunofluorescence analyzed (Fig. 4). 
Caspase-3 expression was prominent across all anticancer 

drugs, while BCL-2 expression was notably low. However, 
in the case of paclitaxel and vinblastine, which induce the 
highest apoptotic rates, BCL-2 expression was observed 
and higher than other treatment groups. Overall, the 
morphological changes in cell size and cell death-induced 
alterations in cellular morphology were consistent with 
the results from Figure 3, and the practical intracellular 
expression of caspase-3 showed a similar pattern to other 
findings.

Fig. 4. Apoptosis-associated marker gene analysis of 
tenocytes. Immunofluorescence analysis revealed the 
protein expression of Casp-3 and BCL-2. The left column 
images depict nuclear staining with DAPI, the middle 
column shows the expression of Casp-3 and BCL-2, and 
the right column displays the overlay. These images were 
acquired at 200x and 400x magnification using a CCD 
camera attached to the Nikon microscope.

DISCUSSION

The risk of colon cancer is widely known, and many 
cases of colon cancer have been reported in Korea. In 
particular, colon cancer rapidly metastasizes, and its 
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prognosis is very poor even after surgery; therefore, 
second-line chemotherapy is required (Cha and Kim, 
2019; Patel et al., 2022). Many studies have used natural 
substances as anticancer agents to control cell activity in 
primary cancers or induce cancer cell development and 
apoptosis by regulating cell death mechanisms that control 
the cancer cell development cycle (Shin et al., 2019; Kang 
et al., 2019). This study investigated the apoptotic activity 
of colon cancer cells using camptothecin, rapamycin, 
paclitaxel, and vinblastine, which control tumorigenesis, 
activate DNA topoisomerases, and induce apoptosis via 
metabolic regulation of cancer cells (Beretta et al., 2013; 
Selvarani et al., 2021; Song et al., 2022; Moreno-Velasco 
et al., 2022). 

We analyzed whether the physiological activity of the 
colon cancer cells could be controlled. All anticancer drugs 
used in this study were confirmed to induce the death of 
colon cancer cells. In particular, camptothecsein, extracted 
from plants, inhibits cell division by interfering with DNA 
re-combination (Beretta et al., 2013; Rath et al., 2009). 
Similar to paclitaxel, vinblastine, also extracted from 
plants, inhibits cell proliferation by participating in cell 
division (Song et al., 2022; Moreno-Velasco et al., 2022). 
Rapamycin, an anticancer agent with unique characteristics, 
builds an autoimmune system by increasing autophagy 
and inhibiting mTOR activity within cells (Selvarani et 
al., 2021; Kim et al., 2013). Analysis of the differences in 
apoptosis between different compounds that control cancer 
cell growth in various ways revealed apparent differences 
in the degree of cell death and morphological changes in 
cells. In particular, camptothecin and rapamycin increased 
the formation of small particles in colon cancer cells at a 
concentration as low as 20 μM/mL, thereby changing the 
shape of the cell membrane (Beretta et al., 2013; Selvarani 
et al., 2021; Kim et al., 2013).

In contrast, vinblastine and paclitaxel lead to the 
formation of single cells, hindering cell growth, and 
formation of a suspended cell layer (Song et al., 2022; 
Moreno-Velasco et al., 2022). Notably, the results of 
this study show that camptothecin and rapamycin induce 
similar type of cell death at low to high concentrations 
through morphological changes in colon cancer cells; 
vinblastine and paclitaxel also induce similar type of cell 
death (Moreno-Velasco et al., 2022; Zhai et al., 2023). 
However, there was a clear differ-ence in the activities 
of cell death factors. Camptothecin and paclitaxel had a 
more sub-stantial effect on Casp-3 activity than the other 
anticancer drugs, while rapamycin and vinblastine showed 
low expression of Casp-3 (Beretta et al., 2013; Selvarani 
et al., 2021). The apoptotic activity of camptothe-cin and 
paclitaxel is likely through direct interference with cell 
DNA recombination to control cell division, which is 

consistent with existing research results (Selvarani et al., 
2021; Zhai et al., 2023; Zeng et al., 2012).

In contrast, the anticancer effects of rapamycin and 
vinblastine were similar to the research results, showing 
that they affect cell division. However, the reactions of 
Annexin V and PI were different. According to previous 
studies, the PI response to anticancer drugs, other than 
rapamycin, was higher than the Annexin V response. 

In this study, Annexin V and PI reactions occurred 
simultaneously in case of camptothecin and rapamycin, 
whereas vinblastine and paclitaxel were found to have 
a high Annexin V reaction. In conclusion, this study 
analyzed the differences in the mechanism of action 
underlying apoptosis induction by anticancer drugs with 
different characteristics in colon cancer cells, rather 
than their therapeutic effectiveness against colon cancer. 
Accordingly, this study showed that Camptothecin and 
Rapamycin are more effective than Vinblastine and 
Paclitaxel. The anticancer effect of these drugs is through 
cell morphological changes and formation of apoptotic 
bodies. In other words, in existing studies, camptothecin 
and paclitaxel showed similar results, and vinblastine 
and rapamycin showed similar results affecting cell 
metabolism.

CONCLUSION

Camptothecin, rapamycin, paclitaxel, and vinblastine 
induced apoptosis of colon cancer cells. In addition, the 
dynamic changes in cell morphology were observed for all 
anticancer drugs, with rapamycin and paclitaxel exhibiting 
higher levels of apoptotic body formation. Particle 
formation was more pronounced in the camptothecin 
and paclitaxel groups at lower concentrations than in the 
other treatment groups. In these results, camptothecin 
and rapamycin appeared to induce cell death through a 
sequence of morphological changes in the colon cancer 
cell clusters, and vinblastine and paclitaxel activated cell 
death by directly affecting the colon cancer cells.

Therefore, the results of this study are expected 
to provide primary data exploring the mechanism of 
anticancer drugs in the growth control of principal cancer 
cells, such as colorectal cancer, in the future.

DECLARATIONS

Acknowledgments
The authors express their sincere gratitude to 

Hankyung National University Animal Development 
Biotechnology Laboratory for their assistance in 
conducting this study.



7                                                                                        

Onlin
e F

irs
t A

rtic
le

Apoptotic Induction in Colon Cancer Cells 7

Funding
This work was supported by the National Research 

Foundation of Korea (NRF) grant funded by the Korean 
Government (MSIT) (No. RS-2023-00252042).

Statement of conflict of interest
The authors have declared no conflict of interest.

REFERENCES

Abdulridha, M.K., Al-Marzoqi, A.H., Al-Awsi, G.R.L., 
Mubarak, S.M.H., Heidarifard, M. and Ghasemian, 
A., 2020. Anticancer effects of herbal medicine 
compounds and novel formulations: A literature 
review. J. Gastrointest. Cancer, 51: 765–773. 
https://doi.org/10.1007/s12029-020-00385-0

Beretta, G.L., Gatti, L., Perego, P. and Zaffaroni, N., 
2013. Camptothecin resistance in cancer: Insights 
into the molecular mechanisms of a DNA-
damaging drug. Curr. med. Chem., 20: 1541–1565. 
https://doi.org/10.2174/0929867311320120006

Cha, J.Y. and Kim, W.I., 2019. Trend review of research 
about herbal medicine treatment on colorectal 
cancer based on korean medicine. Herb. Formula 
Sci., 27: 151–165.

Huang, M., Lu, J.J. and Ding, J., 2021. Natural products 
in cancer therapy: Past, present and future. 
Nat. Prod. Bioprospect., 11: 5–13. https://doi.
org/10.1007/s13659-020-00293-7

Im, K., Mareninov, S., Diaz, M.F.P. and Yong, 
W.H., 2019. An introduction to performing 
immunofluorescence staining. Methods mol. Biol., 
1897: 299-311. https://doi.org/10.1007/978-1-
4939-8935-5_26

Ji, X., Xu, W., Cui, J., Ma, Y. and Zhou, S., 2019. Goat 
and buffalo milk fat globule membranes exhibit 
better effects at inducing apoptosis and reduction 
the viability of HT-29 cells. Sci. Rep., 9: 2577. 
https://doi.org/10.1038/s41598-019-39546-y

Kang, M.J., Won, Y.J., Lee, J.J., Jung, K.W., Kim, 
H.J., Kong, H.J., Im, J.S. and Seo, H.G., 2019. 
Community of population-based regional cancer 
registries. Cancer statistics in Korea: Incidence, 
mortality, survival, and prevalence in 2019. Cancer 
Res. Treat., 54: 330–344. https://doi.org/10.4143/
crt.2022.128

Kim, J. and Lee, H.K., 2021. Potential role of the gut 
microbiome in colorectal cancer progression. Front. 
Immunol., 12: 807648. https://doi.org/10.3389/
fimmu.2021.807648

Kim, S.E., Lee, M.H., Jang, H.M., Im, W.T., Lee, J.T., 
Kim, S.H. and Jeon, G.J., 2023. A rare ginsenoside 

compound  K (CK) induces apoptosis for breast 
cancer cells. J. Anim. Reprod. Biotechnol., 38: 
167–176. https://doi.org/10.12750/JARB.38.3.167

Kim, S.H., 2022. The role of TNFα/p53 pathway in 
endometrial cancer mouse model administered 
with apple seed extract. Histol. Histopathol., 37: 
169–180.

Kim, S.H., Hwang, S.Y., Min, K.S. and Yoon, J.T., 
2013. Molecular cloning and expression analyses 
of porcine MAP1LC3A in the granulosa cells 
of normal and miniature pig. Reprod. Biol. 
Endocrinol., 11: 8. https://doi.org/10.1186/1477-
7827-11-8

Kim, S.H., Jung, N.H., Oh, M.G. and Yoon, J.T., 2020. 
Study on the VEGF gene expression and the role of 
PMSG hormone in the development of endometrial 
cancer in mice. J. Anim. Reprod. Biotechnol., 35: 
35–41. https://doi.org/10.12750/JARB.35.1.35

Moreno-Velasco, A., Flores-Tafoya, P.J., Fragoso-
Serrano, M., Leitão, S.G. and Pereda-Miranda, R., 
2022. Resin glycosides from Operculina hamiltonii 
and their synergism with vinblastine in cancer 
cells. J. Nat. Prod., 85: 2385–2394. https://doi.
org/10.1021/acs.jnatprod.2c00594

Patel, S.G., Karlitz, J.J., Yen, T., Lieu, C.H. and Boland, 
C.R., 2022. The rising tide of early-onset colorectal 
cancer: A comprehensive review of epidemiology, 
clinical features, biology, risk factors, prevention, 
and early detection. Lancet Gastroenterol. 
Hepatol., 7: 262–274. https://doi.org/10.1016/
S2468-1253(21)00426-X

Rath, G., Schneider, C., Langlois, B., Sartelet, H., 
Morjani, H., Btaouri, H.E., Dedieu, S. and Martiny, 
L., 2009. De novo ceramide synthesis is responsible 
for the antitumor properties of camptothecin and 
doxorubicin in follicular thyroid carcinoma. Int. J. 
Biochem. Cell. Biol., 41: 1165–1172. https://doi.
org/10.1016/j.biocel.2008.10.021

Selvarani, R., Mohammed, S. and Richardson, A., 
2021. Effect of rapamycin on aging and age-related 
diseases-past and future. GeroScience, 43: 1135–
1158. https://doi.org/10.1007/s11357-020-00274-1

Shin, A., Jang, D., Choe, S., Won, Y.J., Jung, K.W., 
Park, J.W. and Jeong, S.Y., 2019. Colorectal 
cancer epidemiology in Korea. J. Korean. med. 
Assoc., 62: 407–415. https://doi.org/10.5124/
jkma.2019.62.8.407

Shin, A., Jung, K.W. and Jeong, S.Y., 2023. Right then, 
wrong now: Early-onset colorectal cancer in Korea. 
Cancer Res. Treat., 55: 1058–1060. https://doi.
org/10.4143/crt.2022.1612

Song ,Y., Bugada, L., Li, R., Hu, H., Zhang, L., Li, C., 

https://doi.org/10.1007/s12029-020-00385-0
https://doi.org/10.2174/0929867311320120006
https://doi.org/10.1007/s13659-020-00293-7
https://doi.org/10.1007/s13659-020-00293-7
https://doi.org/10.1007/978-1-4939-8935-5_26
https://doi.org/10.1007/978-1-4939-8935-5_26
https://doi.org/10.1038/s41598-019-39546-y
https://doi.org/10.4143/crt.2022.128
https://doi.org/10.4143/crt.2022.128
https://doi.org/10.3389/fimmu.2021.807648
https://doi.org/10.3389/fimmu.2021.807648
https://doi.org/10.12750/JARB.38.3.167
https://doi.org/10.1186/1477-7827-11-8
https://doi.org/10.1186/1477-7827-11-8
https://doi.org/10.12750/JARB.35.1.35
https://doi.org/10.1021/acs.jnatprod.2c00594
https://doi.org/10.1021/acs.jnatprod.2c00594
https://doi.org/10.1016/S2468-1253(21)00426-X
https://doi.org/10.1016/S2468-1253(21)00426-X
https://doi.org/10.1016/j.biocel.2008.10.021
https://doi.org/10.1016/j.biocel.2008.10.021
https://doi.org/10.1007/s11357-020-00274-1
https://doi.org/10.5124/jkma.2019.62.8.407
https://doi.org/10.5124/jkma.2019.62.8.407
https://doi.org/10.4143/crt.2022.1612
https://doi.org/10.4143/crt.2022.1612


8                                                                                        

Onlin
e F

irs
t A

rtic
le

M-J. Oh et al.

Yuan, H., Rajanayake, K.K., Truchan, N.A., Wen, 
F., Gao, W. and Sun, D., 2022. Albumin nanoparticle 
containing a PI3Kγ inhibitor and paclitaxel in 
combination with α-PD1 induces tumor remission 
of breast cancer in mice. Sci. Transl., 14: eabl3649. 
https://doi.org/10.1126/scitranslmed.abl3649

Sung, J.J.Y., Chiu, H.M., Jung, K.W. and Jun, J.K., 
Sekiguchi, M., Matsuda, T., Kyaw, M.H., 2019. 
Increasing trend in young-onset colorectal cancer in 
Asia: More cancers in men and more rectal cancers. 
Am. J. Gastroenterol., 114: 322–329. https://doi.
org/10.14309/ajg.0000000000000133

Thursby, E. and Juge, N., 2017. Introduction to the 
human gut microbiota. Biochem. J., 474: 1823–
1836. https://doi.org/10.1042/BCJ20160510

Tong, X., Tang, R., Xiao, M., Xu, J., Wang, W., 
Zhang, B., Liu, J., Yu, X. and Shi, S., 2022. 
Targeting cell death pathways for cancer therapy: 
Recent developments in necroptosis, pyroptosis, 
ferroptosis, and cuproptosis research. J. Hematol. 
Oncol., 15: 174. https://doi.org/10.1186/s13045-
022-01392-3

Zeng, C.W., Zhang, X.J., Lin, K.Y., Ye, H., Feng, S.Y., 

Zhang, H. and Chen, Y.Q., 2012. Camptothecin 
induces apoptosis in cancer cells via microRNA-
125b-mediated mitochondrial pathways. Mol. 
Pharmacol., 81: 578–586. https://doi.org/10.1124/
mol.111.076794

Zhai, J., Gu, X., Liu, Y., Hu, Y., Jiang, Y. and Zhang, 
Z., 2023. Chemotherapeutic and targeted drugs-
induced immunogenic cell death in cancer models 
and antitumor therapy: An update review. Front. 
Pharmacol., 14: 1152934. https://doi.org/10.3389/
fphar.2023.1152934

Zhang, F., Liu, J., Lin, B., Liu, Q., Zhao, Y., Zhu, L., 
Hao, Y., Zhang, S. and Iwamori, M., 2011. Increase 
in docetaxel-resistance of ovarian carcinoma-
derived RMG-1 cells with enhanced expression of 
lewis Y antigen. Int. J. mol. Sci., 12: 7323–7334. 
https://doi.org/10.3390/ijms12117323

Zhao, Y., Wang, C. and Goel, A., 2022. A combined 
treatment with melatonin and Andrographis 
promotes autophagy and anticancer activity in 
colorectal cancer. Carcinogenesis, 43: 217–230. 
https://doi.org/10.1093/carcin/bgac008

https://doi.org/10.1126/scitranslmed.abl3649
https://doi.org/10.14309/ajg.0000000000000133
https://doi.org/10.14309/ajg.0000000000000133
https://doi.org/10.1042/BCJ20160510
https://doi.org/10.1186/s13045-022-01392-3
https://doi.org/10.1186/s13045-022-01392-3
https://doi.org/10.1124/mol.111.076794
https://doi.org/10.1124/mol.111.076794
https://doi.org/10.3389/fphar.2023.1152934
https://doi.org/10.3389/fphar.2023.1152934
https://doi.org/10.3390/ijms12117323
https://doi.org/10.1093/carcin/bgac008

