
Int. J. Biol. Sci. 2014, Vol. 10 
 

 
http://www.ijbs.com 

285 

IInntteerrnnaattiioonnaall  JJoouurrnnaall  ooff  BBiioollooggiiccaall  SScciieenncceess  
2014; 10(3):285-295. doi: 10.7150/ijbs.7730 

Research Paper 

Capsaicin Mediates Cell Cycle Arrest and Apoptosis in 
Human Colon Cancer Cells via Stabilizing and Activating 
p53  
Junzhe Jin, Guofu Lin, Hong Huang, Dong Xu, Hao Yu, Xu Ma, Lisi Zhu, Dongyan Ma, Honglei Jiang 

The Fourth Affiliated Hospital of China Medical University, Shenyang, China.  

 Corresponding author: Honglei Jiang Ph.D. M.D. Address: The No.4 Chongshan east road Huanggu district, Shenyang Liaoning, 110032. 
Tel: 024-62043517 Fax: 024-62255001 E-mail: grkjxz@sj-hospital.org. 

© Ivyspring International Publisher. This is an open-access article distributed under the terms of the Creative Commons License (http://creativecommons.org/ 
licenses/by-nc-nd/3.0/). Reproduction is permitted for personal, noncommercial use, provided that the article is in whole, unmodified, and properly cited. 

Received: 2013.09.23; Accepted: 2014.01.25; Published: 2014.02.21 

Abstract 

Capsaicin is the major pungent ingredient in red peppers which is world widely consumed. Except 
its potent pain relieving efficacy as reported, capsaicin also exerted its antitumor activity in several 
tumor models. Here, we reported that capsaicin had a profound anti-proliferative effect on human 
colon cancer cells via inducing cell cycle G0/G1 phase arrest and apoptosis, which was associated 
with an increase of p21, Bax and cleaved PARP. The underlying mechanism of capsaicin’s antitumor 
potency was mainly attributed to the stabilization and activation of p53. Capsaicin substantially 
prolonged the half-life of p53 and significantly elevated the transcriptional activity of p53. Through 
suppressing the interaction between p53 and MDM2, MDM2-mediated p53 ubiquitination was 
remarkably decreased after capsaicin treatment, which resulted in the stabilization and accumu-
lation of p53. The results of p53-shRNA experiment further demonstrated that p53 knockdown 
severely impaired the sensitivity of tested cells to capsaicin, G0/G1 phase arrest and the apoptosis 
induced by capsaicin in p53-knockdown cells was also dramatically decreased, implicating the 
important role of p53 played in capsaicin’s antitumor activity. In summary, our data suggested that 
capsaicin, or a related analogue, may have a role in the management of human colon cancer. 

Key words: colon cancer, capsaicin, p53, MDM2, ubiquitination. 

Introduction 
Capsaicin is the principal pungent component in 

hot red peppers and widely consumed in many South 
Asian and Latin American countries [1]. Through 
mediating transient potential vanilloid receptor 
(TRPV-1), which was predominantly present in sen-
sory neurons [2], Capsaicin had potent efficacy on 
pain relieving and originally been used to treat a va-
riety of neuropathic pain conditions including rheu-
matoid arthritis, diabetic neuropathy, cluster head-
aches, herpes zoster [3-5]. Except aforementioned 
therapeutic value, several studies also have demon-
strated that capsaicin could be functioned as a chem-
opreventive and chemotherapeutic agent in different 
human cancer models. As reported, capsaicin de-

creased the growth of human leukemic cells [6], gas-
tric [7], nasopharyngeal [8],  prostate [9], and hepatic 
carcinoma cells [10] in vitro because of its ability to 
mediate cell cycle arrest and induce cell apoptosis. 
However, the molecular mechanism underlying cap-
saicin-induced growth inhibition and apoptosis was 
not exhaustively elucidated. So far, several mecha-
nisms have been suggested to involve in capsai-
cin-induced apoptosis, including inhibition of NF-κB 
nuclear translocation [9], activation of AMPK signal-
ing pathway and the c-Jun NH2-terminal kinases [11], 
dysfunction of ubiquitin-proteasome systems [12] as 
well as the up-regulation of several pro-apoptotic 
proteins and activation of intrinsic pathway to drive 
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caspase activation [13].  
p53 plays an important role in protecting the in-

tegrity of genome and is described as the “guardian of 
genome”. Mutation of TP53 gene is found in ap-
proximately 50% tumors, which exemplifies the im-
portance of p53 in maintaining genome stability [14]. 
In response to various cellular stress signals, p53 is 
activated and functions as a transcription factor to 
transcribe a program of genes to accomplish a number 
of different functions, such as activating DNA repair, 
inducing cell cycle arrest, and initiating cell apoptosis. 
Owing to the multiplicity of its function, activation of 
p53 is tightly controlled. p53 is subjected to a diverse 
and complex array of covalent post-translational 
modifications. The most commonly reported modifi-
cations include phophorylation of serine and/or 
threonines and acetylation, ubiquitylation, and 
sumoylation of lysine [15]. Encountered with stressed 
signals, e.g. DNA damage caused by ionizing radia-
tion or UV irradiation, Ser15 of p53 is phosphorylated 
rapidly and appears to represent a “priming event” 
for the subsequent series of modifications, for in-
stance, acetylation [16]. Phosphorylation and acetyla-
tion of p53 often drives p53 transcriptional activation 
via inducing p53 stabilization, accumulation and ac-
tivation in the nucleus [17]. Under unstressed condi-
tions, through the interaction with MDM2, a 
RING-finger ubiquitin E3 ligase, p53 is normally 
maintained at low level via continuous ubiquitination 
and subsequent degradation by proteasome system 
[18]. Several studies indicated MDM2 not only medi-
ated p53 degradation but also regulated its localiza-
tion. Monoubiquitylation might act as a signal of nu-
clear export for p53, and the different levels of MDM2 
could induce both mono- or poly-ubiquitination in a 
dose-dependent manner and determine the fate of p53 
[19]. In many tumor types, overexpression of MDM2 
was observed, which led to the aberrant deactivation 
of p53 and poor prognosis of patients [20-23]. Other 
modifications of p53 including glycosylation and ri-
bosylation also were reported, but the significance of 
these modifications in tumor development was un-
clear and little information was available [24]. 

In present study, we investigated the antitumor 
efficacy of capsaicin in human colon cancer cells and 
the role of p53 played in capsaicin’s antitumor activi-
ty, as well as the mechanism by which capsaicin in-
duced p53 stabilization and activation. The results 
showed that capsaicin had profound inhibitory effect 
on the growth of human colon cancer cells in vitro. 
After capsaicin treatment, p53 was significantly stabi-
lized and activated via dissociating from the interac-
tion with MDM2 and decreasing MDM2-mediated 
ubiquitination. p53 shRNA experiments further 
demonstrated that the activity of capsaicin in colon 

cancer cell was highly correlated with p53 accumula-
tion and activation. 

Material and Methods 
Cell Line and reagents HCT116 and LoVo cells 

were obtained from American Type Culture Collec-
tion (ATCC) and cultured in a 37°C incubator with 5% 
CO2 according to ATCC protocols. Capsaicin, Cyclo-
heximide (CHX) and MG132 were purchased from 
Sigma (St. Louis, MO, USA). Anti-p53, anti-MDM2, 
anti-β-actin, anti-rabbit IgG-HRP, anti-mouse 
IgG-HRP, and normal mouse/rabbit IgG were prod-
ucts of Santa Cruz Biotechnology (Santa Cruz, CA, 
USA). Anti-p21, anti-Bax, anti-cleaved-PARP and an-
ti-caspase3 antibodies were products of Cell Signaling 
Technology (Beverly, MA, USA). Lipofectamine™ 
2000 was product of Invitrogen. pGL3-p53 firefly lu-
ciferase reporter plasmid and pRL-SV40 (renilla lu-
ciferase) plasmid were purchased from Promega 
(Fitchburg, WI, USA). Lentivirus plasmids 
(pLKO.1-shp53 #1, TRCN0000003753; pLKO.1-shp53 
#2, TRCN0000003756) were obtained from Thermo 
Scientific (Huntsville, AL, USA). 

Cell proliferation assay Appropriate tumor cells 
(2×103/well) were seeded in 96-well plate, 24 hrs later, 
cells were treated with capsaicin of indicated concen-
trations and triplicates for per concentration. After 
incubation for different time points (12, 24, 48, or 72 
hrs), 100 µl/well CellTiter-Glo reagent (Promega, 
Fitchburg, WI, USA) was added and the mixture was 
incubated at room temperature for 15 mins, then the 
luminescence was measured with infinite M1000 
(TECAN, Männedorf, Schweiz). For anchor-
age-independent growth assay, colon cancer cells 
(8×103/ml) were suspended in 1 ml of 0.3% agar 
(BactoTM, BD) with basal medium Eagle’s medium, 
10% FBS, 1% antibiotics and different concentrations 
of capsaicin overlaid into six-well plate containing a 
0.6% agar base. The plate was cultured in a 37°C, 5% 
CO2 incubator for 2 weeks and the number of colonies 
was counted under a microscope using the Imaga-Pro 
Plus software (Media Cybernetics, Silver Spring, MD, 
USA ). 

Flow cytometry For cell cycle analysis, tumor 
cells (2 × 105/well) were seeded into six-well plate 
and cultured in completed culture medium for 24 hrs, 
then exposed to different concentrations of capsaicin 
for 24 hrs. Cells were harvested and washed with PBS 
twice and fixed with cold 70% ethanol overnight at 
4°C. Cells were then stained with 50 μg/ml Propid-
ium Iodide (Biolegend, San Diego, CA, USA) and 100 
µg ribonuclease A (QIAGEN, Venlo, Netherland) in 
400 µl PBS at 25°C for 30 mins. Stained cells were de-
tected and quantified with FACSort Flow Cytometer 
(BD, San Jose, CA, USA). For apoptosis analysis, cells 
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(2 × 105/well) were seeded into six-well plate and 
incubated with different concentrations of capsaicin 
for 24 h. Cells were trypsinized and washed twice 
with cold PBS and then re-suspended with Binding 
Buffer. Annexin V–FITC (Biolegend, San Diego, CA, 
USA) and Propidium Iodide were added and incu-
bated at room temperature for 15 mins avoiding light. 
The stained cells were subjected to FACS analysis. All 
FACS results were analyzed with FlowJo software 
(Version 7.6).  

Western blotting Cells were harvested by tryp-
sinization and pelleted by centrifugation at 500g for 5 
mins. The pellets were lysed in NP40 lysis buffer (50 
mmol/L Tris-HCl, pH 8.0; 150 mmol/L NaCl; 0.5% 
NP40) supplemented with protease cocktail (Roche, 
Germany). Protein concentrations were determined 
using the Bradford assay (Bio-Rad, Philadelphia, PA, 
USA). Proteins were separated by SDS-PAGE and 
electrically transferred to a polyvinylidene difluoride 
membrane (Millipore, Billerica, MA, USA). After 
blocking in 5% non-fat dry milk in TBS, the mem-
branes were probed with specific primary antibodies 
overnight at 4°C, washed three times with TBS-Tween 
20, and then incubated with HRP-conjugated second-
ary antibodies at room temperature for 1h. Then the 
membranes were washed with TBS-Tween 20 and the 
protein bands were visualized using ECL chemilu-
minescence reagents (Pierce Chemical Co., Rockford, 
lllinois, USA). In ubiquitination assay, Endogenous 
p53 was immunoprecipitated from 1 mg whole cell 
lysate by using p53 antibody and immunoblotted 
with anti-p53 antibody to capture poly-ubiquitinated 
p53.  

Immunoprecipitation Tumor cells (2×106) were 
seeded in 10 cm dish and treated with various con-
centrations of capsaicin for 24 hours, then the cells 
were harvested and washed twice with ice-cold PBS 
and lysed in NP40 lysis buffer with protease cocktail 
(Roche, Germany). All immunoprecipitation proce-
dures were carried out at 4°C. First, 1 mg cell extrac-
tions were pre-cleared with 30 µl (50% slurry) agarose 
A/G beads for 2 hrs rocking at 4 °C. The beads were 
removed, 30 µl (50% slurry) fresh agarose A/G beads 
and appropriate antibodies (2 µg) were added to the 
precleared lysate overnight at 4 °C. The beads were 
washed, mixed with 6×SDS sample buffer, boiled, and 
then subjected to Western blotting.  

P53 half life measurement For p53 protein sta-
bility experiments, HCT116 cells were treated with or 
without 100 µM capsaicin for 24 hrs, and then 30 
μg/ml CHX was added to the culture medium to in-
hibit protein synthesis. At different time points as 
indicated (0, 15, 30, 60, or 90 mins), tumor cells were 
processed as described in Western blotting, and the 
amount of p53 was quantified by densitometric 

measurement. 
luciferase reporter assay HCT116 cells 

(5×104/well) were seeded in 24-well plate, and then 
co-transfected with 800 ng firefly luciferase reporter 
plasmid and 80 ng pRL-SV40 plasmid by Lipofec-
tamine™ 2000 following manufacturer’s instructions. 
24 hrs later, cells were treated with different concen-
trations of capsaicin and incubated for 24 hrs. Cell 
lysates were analyzed for firefly and renilla luciferase 
activity according to the protocol of the Dual Lucif-
erase Reporter Assay Kit (Promega, Fitchburg, WI, 
USA). The firefly luciferase activity was normalized to 
the value of pRL-SV40 activity for p53 transcription 
efficiency. 

Lentiviral infection HCT116 cells (2×106) were 
seeded in 10 cm dish and pLKO.1-shp53 was 
co-transfected into 293T cells together with PSPAX2 
and PMD2-G. 48 hrs after transfection, viral superna-
tant fractions were collected and then infected into 
HCT116 cells along with 10 μg/ml polybrene. 24 hrs 
after infection, the medium was replaced with fresh 
medium containing the appropriate concentration of 
puromycin. The appropriate experiments were per-
formed with these cells until the control cells (without 
infection) completely died (usually 2–3 days) in the 
puromycin medium.  

Statistical analysis All the statistical analysis 
was performed by SPSS software (version 13.0). The 
experiments were performed in triplicate. All the 
quantitative data are expressed as mean values ± 
standard deviation, the significant differences be-
tween two groups was assessed by a two-tailed Stu-
dent’s t test. A probability value of P < 0.05 was con-
sidered to represent a statistically significant differ-
ence.  

Results  
Capsaicin inhibited colon cancer cell 
proliferation and anchorage-independent 
growth 

First, we investigated the inhibitory effect of 
capsaicin against cell proliferation in HCT116 and 
LoVo. At low concentration (0-40 μM), capsaicin had 
shown little effect on the growth inhibition, but at 
high concentration (80-160 μM), long-term (48-72h) 
treatment with capsaicin substantially inhibited cell 
proliferation (Figure 1A and B). Anchor-
age-independent growth is one of the hallmarks of 
cell transformation and is considered the most accu-
rate and stringent in vitro assay for detecting malig-
nant transformation of cells. Therefore, next we have 
studied the effects of capsaicin on the anchor-
age-independent growth. As the result shown in Fig-
ure 1C and D, capsaicin could potently inhibit the 
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anchorage-independent growth at 40 μM and the 
number of colonies formed in soft agar was remarka-
bly decreased, at high concentrations, there was 

nearly no colony was observed. All these results 
showed that capsaicin had a profound antitumor ef-
ficacy in human colon cancer cells in vitro. 

 
Figure 1. Capsaicin inhibited the proliferation of colon cancer cells and anchorage independent growth. A and B, capsaicin inhibited the proliferation of colon cancers. Human 
colon cancer cells HCT116 (A) and LoVo (B) were treated with indicated concentrations of capsaicin for 12, 24, 48, or 72 hrs. Cell proliferation was analyzed by the CTG assay. 
The asterisk (*, p<0.05) indicated a significant decrease of colon cell proliferation after treated with capsaicin. C and D, capsaicin suppressed the anchorage independent growth. 
Colon cancer cells HCT116 (C) and LoVo (D) were incubated with various concentrations of capsaicin as described and subjected to anchorage independent growth assay. 
Representative photographs (left panels) were shown, and the graph (right panel) showed the data of at least three independent experiments expressed as means ± SD, the 
asterisks (*, p<0.05, **, p<0.01, ***, p<0.001, Student’s t test) indicated a significant decrease of colony formation after capsaicin treatment in contrast with the control. 

 
Capsaicin induced cell cycle arrest and 
apoptosis in colon cancer cells 

Next, we studied capsaicin’s activity on cell cycle 
and apoptosis. As the result shown in Figure 2A and 
2B (Supplementary Figure 1A and 1B), when cell was 
treated with capsaicin at low concentration (10-20 μM) 
for 24 hrs, no obvious cell cycle arrest was observed. 
With the increase of concentration, G0/G1 phase 
arrest was observed and the percentage of G0/G1 
phase cell was elevated. At the high concentration 
(300 μM), substantial cells had undergone apoptosis 
with the dramatic increase of sub-G0/G1 peak. 

Further analysis of the cell cycle distribution of live 
cells had demonstrated that a large propotion of live 
cells were at G0/G1 phase(70-80%) after 300 μM 
capasaicin treatment, which demonstrated the 
significant G0/G1 arrest induced by capsaicin (Data 
shown in Supplementary Figure 1A and 1B). In 
addition, we also adopted Annexin V–FITC/PI dou-
ble staining to confirm that capsaicin significantly 
induced cell apoptosis in a dose-dependent manner 
(Figure 2C and D, Supplementary Figure 1C and 1D), 
application of 300 μM capsaicin resulted in 20-30% 
cancer cells to undergo apoptosis. In order to validate 
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the activity of capsaicin, we also detected the 
expression of p21, Bax and cleaved-caspase3 after 
capsaicin treatment (Figure 3B). Consistent with the 
result of flow cytometry analysis, the expression of 
p21, which is a key regulator of cell cycle progression 
at G1phase, was significantly increased, suggesting 
that capsaicin-induced G0/G1 arrest was closely 
correlted with p21 elevation. Bax is a pro-apoptotic 
protein and involved in induction of cell apoptosis, 
moreover, the cleavage of PARP is considered to be an 
important marker for detection of apoptosis. Western 
blotting result demonstrated that the expression of 
Bax and cleaved PARP were remarkbly increased in a 
dose-depedent manner after capsaicin treatment. All 
these results confirmed that capsaicin treatment 
potently induced cell cycle G0/G1 arrest and 
apoptosis in human colon cancer cells.  

Capsaicin stabilized p53 and activated p53 
signaling pathway 

Given p21 and Bax are downstream target genes 
of p53, we detected the effect of capsaicin on p53 ex-
pression. As the result shown in Figure 3A and 3B, 
capsaicin treatment resulted in an increase of p53 ex-

pression in a time-dependent and dose-dependent 
manner. As a short-life protein, p53 was degraded 
frequently via ubiquitilation under normal condition. 
Therefore, improvement of its stability was important 
for p53 to perform its function. We adopted cyclo-
heximide to block protein synthesis in HCT116 cells 
and detected the expression of p53 after capsaicin 
treatment. As shown in Figure 3C, without capsaicin, 
p53 was quickly degraded and the half-life was about 
30 mins. However, in capsaicin treatment group, the 
half-life of p53 was dramatically prolonged and ex-
tended to 90 mins, validating the stability of p53 was 
obviously enhanced. In order to investigate the tran-
scriptional activity of p53 after capsaicin treatment, 
pGL3-p53 firefly luciferase reporter plasmid was 
transfected into HCT116 cells. Owing to the expres-
sion of luciferase was under the control of p53 tran-
scriptional activity, so we could test p53 activity via 
measuring luciferase activity. After 40 μM capsaicin 
treatment, the activity of luciferase was increased 
nearly 4-fold in comparison with the control group, 
which suggested that the transcriptional activity of 
p53 was prominently elevated (Figure 3D).  

 
Figure 2. Capsaicin induced G0/G1 cell cycle arrest and apoptosis in colon cancer cells. A and B, capsaicin induced colon cancer cells G0/G1 cell cycle arrest. HCT116 (A) and 
LoVo (B) cells were treated with various concentrations of capsaicin for 24 hrs. Cellular phase distribution (sub-G1, G0/G1-phase, S-phase, G2/M-phase) was analyzed by staining 
with Propidium Iodide. C and D, capsaicin induced colon cancer cells apoptosis. HCT116 (C) and LoVo (D) cells were treated with various concentrations of capsaicin for 24 hrs 
and early-phase apoptosis was detected with Annexin V–FITC/PI double staining. The graph showed the result of three independent experiments expressed as means ± SD, and 
the symbol (*, p<0.05, **, p<0.01, ***, p<0.001, #, p<0.05, ##, p<0.01, Student’s t test) indicated a significant difference.  
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Figure 3. Capsaicin stabilized p53 and activated its transcriptional activity. A, capsaicin increased p53 expression in a time-dependent manner. HCT116 and LoVo cells were 
exposed to 100 μM capsaicin for indicated times and the cell lysates were subjected to Western blotting analysis. B, capsaicin increased p53 and its target genes p21 and Bax 
expression in a dose-dependent manner. HCT116 and LoVo cells were treated with different concentrations of capsaicin for 24 hrs and the protein expression were probed with 
corresponding antibodies. C, capsaicin prolonged p53 half-life time. HCT116 cells were treated with 100 μM capsaicin for 24 hrs, then CHX (20 μg/ml) was added and incubated 
for indicated time points, then p53 expression level was measured by Western blotting and was quantified by densitometry. D, capsaicin activated p53 transcriptional activity. 
HCT116 cells were transfected with luciferase reporter plasmids and the activities of luciferase were measured after capsaicin treatment. The relative luciferase activity was 
normalized to the value of Renilla activity. 

 
Capsaicin suppressed MDM2-mediated p53 
ubiquitilation and degradation 

MDM2-mediated p53 ubiquitilation plays an 
important role in the regulation of p53 stability. As the 
data shown above, p53 stability was substantially 
enhanced after exposure to capsaicin, so we further 
investigated whether capsaicin regulated p53 stability 
in a MDM2-mediated manner. Utilizing p53 antibody 
to immunoprecipitate p53 and then detecting 

MDM2-p53 interaction with MDM2 antibody, or in-
versely, with MDM2 antibody to immunoprecipitate 
p53 and testing the interaction with p53 antibody, we 
found that capsaicin strongly suppressed the interac-
tion between MDM2 and p53 in a dose-dependent 
manner, at the concentration of 40 μM, the binding of 
MDM2 to p53 was substantially decreased and there 
was nearly no MDM2 binding was detected at 160 μM 
(shown in Figure 4A and 4B). Along with the sup-
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pression of MDM2-p53 interaction, MDM2-mediated 
p53 ubiquitylation was also remarkably reduced after 
capsaicin treatment, which contributed to the stabili-

zation of p53 and the extension of p53 half-life after 
capsaicin treatment. 

 
Figure 4. Capsaicin suppressed MDM2-mediated p53 degradation. A and B, capsaicin inhibited the interaction between p53 and MDM2. HCT116 (A) and LoVo (B) cells were 
treated with various concentrations of capsaicin for 24 hrs and the cell lysates were immunoprecipitated with p53 or MDM2 antibodies, then the binding affinity was analyzed with 
western blot analysis. C and D, capsaicin inhibited p53 ubiquitination. HCT116 (C) and LoVo (D) cells were treated with various concentrations of capsaicin for 24 hrs, MG132 
(20 μM) was added to the culture medium and then incubated for an additional 6 hrs. p53 was immunoprecipitated from 1 mg cell lysate and then detected with anti-p53 antibody 
to capture poly-ubiquitinated p53.  

 
P53 shRNA decreased the sensitivity of colon 
cancer cells to capsaicin 

In order to confirm the important role of p53 has 
played in capsaicin antitumor activity, we had de-
veloped p53 shRNA to knockdown the expression of 
p53 in HCT116 cells, and then tested the efficacy of 
capsaicin in p53-knockdown cells. After HCT116 cells 
was transfected with p53 shRNA, the expression of 
p53 was substantially decreased in contrast with mock 

group, and the number of colonies formed in p53 
shRNA group was slightly increased (Figure 5A). As 
the data shown in Figure 5B, p53 knockdown cells 
had shown resistance to capsaicin to some extent, 
after capsaicin treatment, the number of colonies 
formed in soft agar was significantly increased in 
comparison with the mock group, in which 40μM 
capsaicin resulted in remarkable reduction of colony 
formation. In addition, we also investigated the effect 
of p53 shRNA on capsaicin-induced cell cycle arrest 
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and apoptosis. As shown in Figure 5C, in p53 shRNA 
group, capsaicin-induced G0/G1 phase arrest was 
substantially attenuated, and p53-depedent increase 
of p21 was also significantly decreased in contrast 
with the mock group. Similarly, p53 knockdown se-
verely impaired capsaicin-induced apoptosis in 
HCT116 cells, the percentage of apoptotic cells in-
duced by capsaicin in p53 shRNA group was dra-

matically decreased. Additionally, p53-depedent in-
crease of Bax after capsaicin treatment was signifi-
cantly decreased, as well as apoptosis-related protein 
such as cleaved PARP, cleaved caspase3 (Figure 5D). 
All these data suggested p53 played an important role 
in capsaicin-mediated G0/G1 arrest and apoptosis, 
and the antitumor efficacy of capsaicin was mainly in 
a p53-dependent manner.  

 
Figure 5. Knockdown of p53 in HCT116 severely impaired its sensitivity to capsaicin. A, knockdown p53 expression in HCT116 with specific p53 shRNA. Validation of p53 
expression by Western blotting (left panels), the representative photographs (middle panels), and graph (right panel) of the difference of the anchorage-independent growth 
between mock and p53 knockdown group. B, sensitivity of HCT116 cells to capsaicin after p53 knockdown. Representative photographs of p53 knockdown HCT116 cells after 
capsaicin treatment (left panels), the graph (right panel) was the result of three independent experiments expressed as means ± SD. HCT116 cells with Mock shRNA or p53 
shRNA were treated with 40 μM capsaicin for anchorage independent assay. C, p21 expression and the G0/G1 arrest in p53-knockdown HCT116 cells after capsaicin treatment. 
HCT116 cells with Mock shRNA or p53 shRNA were treated with indicated concentrations of capsaicin for 24 hrs, the cells were split into two aliquots, one for cell cycle analysis 
and the other for immunoblot. D, apoptotic-related protein expression (Bax, cleaved-PARP, caspase 3) and capsaicin-induced apoptosis in p53-knockdown HCT116 cell after 
capsaicin treatment. HCT116 cells with Mock shRNA or p53 shRNA were treated with 160 μM capsaicin for indicated time points, then the cells were split into two aliquots, one 
was subjected to Annexin V-PI double staining and the other was subjected to immunoblot. The asterisks (*, p<0.05, **, p<0.01, Student’s t test) indicated a significant difference. 
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Discussion 
Colon cancer is an increasingly prevalent health 

problem in China with over 400,000 new cases and 
100,000 deaths occurring as a result of the disease 
every year [25]. In contrast with the prevalence of this 
disease, the limited therapeutic options provide a 
strong stimulus for the development of novel thera-
peutics. Large numbers of previous experiments have 
consolidated capsaicin’s activity in cancer prevention, 
and moreover, it was shown that capsaicin -induced 
apoptosis played an important role in its antitumor 
activity. However, the underlying mechanism of how 
capsaicin induce tumor cell to undergo apoptosis 
were not fully understood. In present study, we have 
demonstrated that capsaicin had a profound anti-
tumor activity in human colon cancer in vitro. Capsa-
icin treatment has stabilized and activated p53 by 
dissociating it from MDM2 and capsaicin exerted its 
activity in a p53 dependent manner. 

In response to a wide variety of stress signals, the 
p53 pathway is often activated. As reported by pre-
vious studies, capsaicin application in tumor cells 
resulted in stress signals, such as the generation of 
reactive oxygen species [6], induction of Endoplasmic 
Reticulum stress [26], dissipation of the mitochondrial 
membrane potential [27], all these stress signals could 
lead to activation of p53 [28].As the result of reporter 
gene experiment shown, the transcriptional activity of 
p53 was dramatically enhanced after capsaicin treat-
ment. With the activation of p53, the expression of p21 
and Bax, which were the two main p53-responsive 
genes, were also substantially increased. p21 plays an 
important role in cell cycle regulation while Bax is a 
key protein involved in the process of cellular apop-
tosis. Through binding to and inhibiting the activity of 
cyclin-CDK2 or CDK4 complex, p21 functions as a 
regulator of cell cycle progression of G1 phase [29]. 
Bax has a direct effect in induction of mitochondrial 
depolarization, release of cytochrome c, and activa-
tion of a caspase cascade, leading to apoptosis [30]. 
Furthermore, p53 shRNA experiments clarified that 
capsaicin exerted its antitumor activity in a 
p53-dependent manner, knockdown expression of 
p53 in colon cancer with shRNA severely impaired 
capsaicin-mediated colony formation inhibition, 
G0/G1 phase arrest and apoptosis. However, p53 
activation mediated capsaicin anti-tumor efficacy was 
still an open question. In accordance with our result, 
Ito K et al also suggested that expression of wild-type 
p53 was necessary for capsaicin-induced cellular 
growth inhibition and apoptosis in myeloid leukemia 
cells [6]. In prostate cancer cells, Akio Mori et al re-
ported that capsaicin inhibited of andro-
gen-independent growth in p53 mutant prostate can-

cer cells via targeting the NF-kappa B signaling 
pathway [9]. Somatic TP53 gene alterations are fre-
quent in human cancer and it has been reported that 
p53 mutations are associated with significantly poorer 
response to intensive chemotherapy and induce drug 
resistance by interfering with the normal apoptotic 
pathway in patient [31]. In human colorectal cancer, 
p53 mutation rate is about 43.2% [32]. Despite the high 
frequency of TP53 mutation in human cancer, not all 
mutations will lead to the loss of its transcriptional 
activity. As reported by Audrey Petitjean et al, in all 
tested missense mutations of p53 (1070 mutants), 31% 
(334) were “functional”, 27% (288) were “partially 
functional”, 4% (46) were “supertrans” and 38% (402) 
were “nonfunctional” [33]. Therefore, under the con-
dition that the mutant p53 retained its transactivation 
ability, capsaicin maybe also exerts its antitumor ac-
tivity via p53 signaling pathway. In another colon cell 
line HT-29, which harbors 818G>A mutation in TP53, 
capsaicin’s antitumor activity was also observed (data 
not shown), so the detailed relationship between p53 
mutation status and capsaicin’s efficacy requires fur-
ther investigations. 

Except gene mutation, stabilization and activa-
tion of p53 is also modulated via multiple 
post-translational modifications. Without stress stim-
ulation, p53 is maintained at low levels owing to 
MDM2-mediated ubiquitilation and subsequent deg-
radation, the half-life of p53 is very short [34]. In pre-
sent study, we found that after capsaicin treatment, 
the half-life of p53 was substantially extended to more 
than 90 mins, which resulted in the accumulation of 
p53. Further investigation demonstrated the extension 
of p53 half-life was attributed to the dissociation of 
p53 from MDM2. Previous studies had shown stress 
signals were often generated after capsaicin treatment 
in different cell types [6, 13, 35], and these signals 
would cause a series of post-translational modifica-
tions of p53. Ito K et al [6] reported that capsai-
cin-induced ROS resulted in the phosphorylation of 
p53 on Ser15 and played essential roles in capsaicin’s 
effect on leukemic cells. It was thought that the 
post-translational phosphorylation of p53 would free 
p53 from MDM2 and lead to p53 stabilization. How-
ever, some evidence also shown that p53 can be stabi-
lized without these modifications. Blattner et al mu-
tated a series of known stress-induced phosphoryla-
tion sites on p53 and demonstrated that these p53 
mutant forms also could be stabilized [36, 37]. More-
over, in another study, Vassilev et al reported that 
Nutilins, a powerful compound which exerted the 
ability to inhibit the interaction between p53 and 
MDM2, could induce p53 accumulation in nucleus 
without upregulating p53 phosphorylation [38]. It 
was concluded that the single prerequisite for in-
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duced stabilization of p53 was its prior destabilization 
of MDM2 and subsequent disruption of the complex 
formation [16]. Our result for the first time demon-
strated that capsaicin significantly dissociated p53 
from MDM2, and reduced MDM2-mediated p53 
ubiquitilation. However, whether capsaicin sup-
pressed the interaction between p53 and MDM2 in a 
direct way (direct binding to the complex), or in an 
indirect way (stress signals-induced post-translational 
modifications of p53), or both of them would require 
further studies. Up to now, significant progresses 
have been achieved in the design and development of 
small-molecule inhibitors of the MDM2-p53 interac-
tion as new cancer therapies. A number of these 
small-molecule inhibitors, such as analogs of MI-219 
and Nutlin-3, have progressed to advanced preclinical 
development or early phase clinical trials [39, 40]. 

Potential limitation of the use of capsaicin in 
cancer therapy was the higher concentration required 
for its activity. An in vivo study showed that the 
highest concentration of capsaicin in serum after oral 
administration (30mg/kg) was 1.9ug/ml (6.22uM) 
[41]. Oral LD50 doses of capsaicin reported in previous 
animal study were: 118mg/kg for male and 
97.4mg/kg for female mice [42]. These data impli-
cated that the concentration of capsaicin required to 
exert its antitumor activity cannot be reached in vivo. 
But there were evidences from animal studies 
demonstrated that also lower doses of capsaicin were 
sufficient to attenuate tumor growth and induce 
apoptosis of cancer cells in vivo. Ito et al demonstrated 
that capsaicin daily injection (50mg/kg) significantly 
inhibited leukemia cell in vivo growth without any 
organ damage observed [6]. Zhang et al showed that 
injection of capsaicin (2.5mg/kg) 5 times a week was 
effective in reducing AsPC-1 human pancreatic xen-
ograft growth in nude mice [43]. Two investigations 
also showed that capsaicin at 3mg/kg or 10mg/kg 
could substantially attenuate the xenograft growth of 
human colon cancer Colo205 or HT29 respectively [44, 
45]. However, a study performed by Yang et al 
showed that capsaicin may promote colorectal cancer 
metastasis via modulating Akt/mTOR and STAT-3 
pathways in vivo [46]. Therefore, more in vivo exper-
iments will be needed to further confirm capsaicin 
activity against tumor growth. In summary, we 
demonstrated a model of capsaicin-induced cell cycle 
arrest and apoptosis in human colon cancer cells. Via 
dissociating p53 from the interaction with MDM2, 
capsaicin substantially inhibited MDM2-mediated 
p53 ubiquitilation. Meanwhile, our data strongly in-
dicated the role of a functional p53 played in capsai-
cin’s antitumor efficacy. Limited effective treatment 
for colon cancer highlighted the urgent need for novel 
therapeutic approaches. As a component of hot pep-

pers, capsaicin is widely consumed as food additive 
throughout of the world, which indicates it is less 
toxic to human than current chemotherapeutic agents. 
Therefore, capsaicin or related analogues maybe have 
potentials as a novel molecular targeted agent against 
human colon cancers, especially those patients with 
wide-type p53 expression. 
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