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Abstract: Aim: Emodin was found effective in suppressing proliferation of cancer cells including colorectal cancer 
(CRC), but the mechanisms were still unclear. This study was aimed to investigate the possible mechanism of emo-
din’s anti-CRC effects. Methods: Two most frequently used CRC cell lines, SW480 and SW620, were investigated 
in this study. Serially diluted emodin solutions were used to incubate CRC cells. siRNAs were used to silence the 
expressions of p38 and Puma respectively. Intracellular ROS production was detected by DCFH-DA staining; prolif-
eration and apoptosis of CRC cells were assessed by MTT assay and Hoechst staining respectively. Western blot-
ting was applied to evaluate the activation of p38/p53/Puma signaling. Results: Both in SW480 and SW620 cells, 
emodin inhibited proliferation by inducing ROS-mediated apoptosis in a concentration-dependent manner. The p38/
p53/Puma signaling was also activated after emodin incubation in a concentration-dependent manner. The ROS 
scavenger NAC, p38 silencing and Puma silencing impaired the anti-proliferation and apoptosis- inducing effects 
of emodin. Conclusions: emodin inhibited proliferation of human CRC cells by inducing cell apoptosis by activating 
ROS/p38/p53/Puma signaling.
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Introduction

Malignant cancer has become a public health 
issue which accounts for 1/8 of deaths world-
wide. As a common cancer, colorectal cancer 
(CRC) is the third most frequent cancer in male 
(right after lung cancer and prostate cancer) 
and the second frequent cancer in female (after 
breast cancer) [1]. The occurrence of CRC has 
been climbing constantly in recent decades 
around the world, especially in developed and 
industrialized countries [2]. It was reported that 
the average 5-year survival rate of CRC was 
46.8% for male and 48.4% for female [3]. As 
the development of medical treatment and 
early diagnosis, the mortality rate of CRC was 
significantly lowered in several western devel-
oped countries [4] recently, however, its prog-
nosis is still pessimistic. Thus, novel therapeu-
tic agents are significant in CRC treatment.

As the one of the solid malignant tumors, the 
most effective treatment is surgical resection. 

However, many patients with CRC were diag-
nosed after obvious clinical manifestations 
were noticed when the cancer developed to the 
advanced stage [5]. Thus, these patients were 
not appropriate candidates for surgical treat-
ment. The alternative radiotherapies and che-
motherapies are narrowed by their limited 
effectiveness and multiple side effects [6]. 
Agents extracted from natural plants which are 
also called phytochemicals showed their effects 
in cancer treatment and prevention via target-
ing and regulating multiple molecular pathways 
[7]. The existence of emodin was found in 
numerous natural herbs such as Rheum and 
Polygonam which have a long history in Tradi- 
tional Chinese Medicine [8]. Also referred as 
1,3,8-trihydroxy-6-methyl-anthraquinone, emo-
din is considered have various biological activi-
ties such as anti-inflammation [9], anti-infection 
[10], immuno-suppression [11] and so on. It 
was also believed that emodin was a potent 
anti-cancer agent, showing cytotoxicity against 
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malignant cancers such as gallbladder cancer, 
liver cancer, cervical cancer and so on [12].

Multiple mechanisms of emodin’s anti-cancer 
activities were indicated in previous studies. 
For instance, cell-cycle arrest [13], NF-κB deac-
tivation [14], PI3K/AKT pathway [15] and PKC 
pathway activation [16]. However, the exact 
mechanisms are still unclear. Emodin was 
known to stimulate intracellular reactive oxy-
gen species (ROS) generation which was con-
sidered as a typical apoptosis inducer by tar-
geting various pathways. A recent study report-
ed that increased intracellular oxidative stress 
lead to p38 activation which further resulted  
in elevation of expression and transcriptional 
activity of p53 [17]. Additionally, p53 is gener-
ally considered as the up-stream molecule 
which activates Puma (p53-upregulated media-
tor of apoptosis) [18]. The latter could result in 
mitochondria dysfunction, cytochrome-c relea- 
se, caspase cascade activation and apoptosis 
[19]. Thus, it is reasonable for us to speculate 
that emodin induces apoptosis of CRC cells 
through activating p53/p38/Puma pathway by 
triggering ROS production.

In order to testify our presupposition, this study 
was implemented. Two types of human CRC 
cells, namely SW480 and SW620 cells were 
selected. After incubated with emodin, cell  
proliferation and apoptosis were investigated. 
Mechanically, intracellular ROS production and 
activation of down-stream p53/p38/Puma 
pathway were also observed. We believe that 
results from this study would not only provide 
more solid evidence for potential clinical appli-
cation of emodin or emodin-contained com-
pounds in CRC treatment, but also improve our 
understanding of emodin’s anti-cancer phar-
macological mechanisms.

Material and methods

Cell culture and treatment

SW480 and SW620 cells which were purchased 
from China Center for Type Culture Collection 
(CCTCC, China) were used in this study. SW480 
and SW620 cells were cultured in RPMI 1640 
medium (Hyclone, USA) which was supplement-
ed with 10% bovine serum (FBS, Hyclone, USA), 
1% antibiotic mix (Sigma-Aldrich, USA, contain-
ing 150 μmol/L streptomycin and 100 U/ml 
penicillin) and 2.0 mmol/L L-glutamine (Sigma-
Aldrich, USA). Cells were maintained in humidi-

fied condition supplied with 95% fresh air and 
5% CO2 at 37°C. In some cases, cells were incu-
bated with serial diluted emodin solution rang-
ing from 0 μmol/L to 100 μmol/L for 24 hours. 
In other cases, emodin-treated cells were treat-
ed with N-acetylcysteine (NAC), the typical ROS 
scavenger, at 10 mmol/L for 24 hours.

RNA interference (RNAi) application

Specific small interference RNA (siRNA) against 
p38 and Puma were designed and provided by 
GenePharma (Shanghai, China). The sequence 
of p38 siRNA was 5’-GUGCCAACCUGAUGCAG- 
CU-3’ (sense) [20]; sequence of Puma siRNA 
was 5’GAAUGCCAGUGGUCACACG-3’ (sense) 
[21]. siRNAs (25 mg/dish) were transfected into 
the cells with the aid of HiperFect transfection 
kit (Qiagen, USA) according to manufacturer’s 
instructions. Cells were harvested for subse-
quent experiments after 48-hour incubation. 
Targeted gene knock-down was determined by 
western blotting by using anti-p53 or anti-Puma 
antibodies.

Cell proliferation assay

Colorimetic 3-(4,5-dimethylthiazol-2-yl) 2,5-dip- 
henyltetrazolium bromide (MTT) assay was 
used to determine the proliferation of SW480 
and SW620 cells. Cells (1×104/well) were seed-
ed into wells on a 96-well plate and then incu-
bated with MTT solution (5 mg/ml) for 4 hours 
at 37°C. The absorbance at 540 nm (A540) was 
detected by plate reader. Finally the inhibition 
rate was calculated by “[1-A540 (experimental 
well)/A540 (control well)] ×100%”.

Cell apoptosis determination

The apoptosis of CRC cells was determined by 
apoptotic indicator, Hoechst, staining. Briefly, 
cells were harvested and fixed by 4% parafor-
maldehyde at 37°C for 1 hour. Then, after 
washed by PBS, cells were stained by 5 μmol/L 
Hoechst 33342 (Sigma-Aldrich, USA) at 37°C 
for 30 minutes in a humidified dark chamber. 
Then a fluorescence microscopy (Nikon, Japan) 
was used to capture the fluorescent images 
showing the morphological features. Hoechst- 
positive cells were considered apoptotic ones.

Intracellular ROS detection

DCFH-DA staining was used to assess the intra-
cellular level of ROS in SW480 and SW620 
cells. The cells were incubated with DCFH-DA 
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(10 μmol/L) which was diluted by RPMI 1640 
medium at 37°C for 20 minutes. A fluorescence 
microscopy (Nikon, Japan) was used to capture 
the fluorescent images which were then ana-
lyzed by Image Pro software (Media Cybernetic, 
USA).

Western blotting

After lyzed by RIPA lysis buffer system (Santa 
Cruz, USA), the cell lysates of SW480 and 
SW620 cells were harvested. The total protein 
was extracted by using Protein Extraction kit 
(Beyotime, China) while the nuclear protein was 
isolated by R0050 nuclear protein extraction 
kit (Solarbio, China) per manufacturer’s instruc-
tions. Protein concentration was examined by a 
BCA kit (Thermo). 45 μg of protein sample was 
loaded and then separated in a SDS gel by ver-
tical electrophoresis. Separated proteins were 
then transblotted to poly vinylidene difluoride 
(PVDF) membranes electronically. After the 
membranes were incubated by 5% defatted 
milk to eliminate non-specific bindings. Then 
specific antibodies against p38, phosphorylat-
ed p38 (p-p38), p53, Puma and caspase-3 
were used to detect the expression of targeted 
proteins. GAPHD and Histone were introduced 
as internal references for western blotting  
analysis of total protein and nuclear protein. 

Immunoblots were then detected by Super- 
Signal West Pico kit (Peirce).

Statistics

Results in this study were presented as (mean 
± SD) which were then analyzed by software 
SPSS (SPSS, USA). Differences between groups 
were analyzed by one-way ANOVA or student’s 
t-tests. P<0.05 was considered statistically 
significant.

Results

Emodin incubation inhibited proliferation of 
CRC cells which was reversed by NAC, p38 
silence or Puma silence.

As shown in Figure 1, after incubated with emo-
din, the proliferation of CRC cells was inhibit- 
ed significantly in a concentration-dependent 
manner. However, also demonstrated in Figure 
1, NAC incubation, p38 or Puma silence sig- 
nificantly impaired emodin’s anti-proliferation 
effects against cultured CRC cells.

NAC incubation significantly attenuated 
emodin-induced ROS-mediated apoptosis in 
SW480 and SW690 CRC cells

As demonstrated in Figure 2, intracellular ROS 
production was elevated after emodin incuba-

Figure 1. Affections of NAC, p38 silencing and Puma silencing on emodin’s anti-proliferation effects. A. After incu-
bated with serially diluted emodin solutions, namely 0, 20, 40, 60 and 80 μmol/L, the proliferation inhibition rate of 
SW480 cells were detected by MTT assay. [*differences were significant when compared with previous concentra-
tion]. B. After incubated with emodin solution (concentration at 80 μmol/L), SW480 cells were treated by NAC or 
p38 siRNA or Puma siRNA. Columns in this figure demonstrated the proliferation inhibition rate assessed by MTT 
assay. [a. differences were significant when compared with “Ctrl”; b. differences were significant when compared 
with “emodin”]. Similar results were found in SW620 cells which were not demonstrated in this figure.



Signaling in emodin-induced apoptosis

15416	 Int J Clin Exp Med 2015;8(9):15413-15422

Figure 2. Affections of NAC on emodin-induced ROS production and apoptosis in SW480 and SW620 cells. A. Demonstrated the fluorescent images of Hoechst 
and DCFH-DA staining. Hoechst staining is used to mark the apoptotic cells while DCFH-DA staining is considered a reliable method to detect intracellular ROS pro-
duction. The upper part demonstrated Hoechst and DCFH-DA staining of SW480 and SW620 cells incubated with serially diluted emodin solutions; the lower part 
showed the Hoechst and DCFH-DA staining of SW480 and SW620 cells received NAC and/or emodin treatments. B. Columns demonstrated the apoptotic percent-
age of SW480 and SW620 cells incubated with serially diluted emodin solutions. [*differences were significant when compared with previous concentration]. C. Col-
umns demonstrated the mean fluorescent intensity of DCFH-DA staining in SW480 and SW620 cells incubated with serially diluted emodin solutions. [*differences 
were significant when compared with previous concentration]. D. Columns demonstrated the apoptotic percentage of SW480 and SW620 cells received NAC and/or 
emodin treatments. [a. differences were significant when compared with “Ctrl”; b. differences were significant when compared with “Ctrl+NAC”; c. differences were 
significant when compared with “emodin”]. E. Columns showed the mean fluorescent intensity of DCFH-DA staining in SW480 and SW620 cells received NAC and/
or emodin treatments. [a. differences were significant when compared with “Ctrl”; b. differences were significant when compared with “Ctrl+NAC”; c. differences 
were significant when compared with “emodin”].
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Figure 3. Affections of NAC and p38 silencing on emodin›s effects on p-38 phosphorylation, p53 unclear translocation and Puma expression levels. A. The upper 
part demonstrated the immunoblots of phosphorylated p38, total p38, p53, histone, Puma and GAPDH in SW480 cells incubated with serially diluted emodin solu-
tions. The lower part showed the immunoblots of phosphorylated p38, total p38, p53, histone, Puma and GAPDH in SW480 cells treated by emodin and p38 siRNA 
and/or emodin respectively. B. Columns demonstrated the p-38 phosphorylation level (p-p38/p38), p53 unclear translocation (p53/histone) and Puma expression 
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tion in a concentration-dependent manner. 
NAC was used to treat CRC cells after emodin 
incubation. Detected by Hoechst staining, the 
emodin-induced apoptosis of CRC cells was 
also in a concentration-dependent manner, 
which was attenuated by NAC treatment.

ROS/p38/p53/Puma signaling pathway was 
activated by emodin incubation in SW480 and 
SW690 CRC cells

Figure 3 showed the activation of ROS/p38/
p53/Puma signaling pathway in emodin incu-
bated CRC cells. After NAC treatment, p38 
phosphorylation, p53 unclear translocation 
and Puma expression levels decreased signifi-
cantly. In p38 silenced cells, although ROS  
generation was not affected, the p53 unclear 
translocation and subsequent Puma expres-
sion level were inhibited. These results indi- 
cated that ROS/p38/p53/Puma formed a sig-
naling pathway and activated after emodin 
incubation.

Puma silencing significantly relieved emodin- 
induced cell apoptosis of SW480 and SW690 
CRC cells

Figure 4 demonstrated the effects of Puma 
silencing on emodin- induced CRC cell apopto-
sis. Puma silencing abated emodin-induced 
CRC cell apoptosis which was indicated by 
Hoechst staining. Mean while, Puma silencing 
didn’t affect ROS production, p38 phosphoryla-
tion and p53 nuclear translocation level in 
emodin-incubated CRC cells.

Discussion

In recent decades, the incidence of CRC is 
growing globally. Although the medical technol-
ogy is rapidly improving, the mortality of CRC  
is still contributing to a sizeable proportion of 
cancer-related death in patients with malignant 
tumors [22]. Currently, surgical resection, radio- 

therapy and chemotherapy are thought effec-
tive in treating CRC, but their clinical applica-
tions are restricted due to innate limitations. In 
recent years, natural products aroused much 
attention in cancer treatment because of the 
strong efficacy and mild side effects [23]. 
Emodin was found effective in suppressing 
cancer proliferation, invasion and metastasis in 
cervical cancer, hepatic cancer, gastric cancer 
and so on. Few investigations, though, reported 
emodin’s anti-cancer activity and related mech-
anisms in CRC. In the current study, we report-
ed that emodin inhibited proliferation of CRC 
cells by inducing apoptosis in a concentration-
dependent manner. Furthermore, we testified 
the possible involvement of ROS/p38/p53/
Puma signaling pathway in emodin-induced 
CRC cell death.

Generally accepted, type of cell death could be 
divided into necrosis and apoptosis. Also called 
programmed cell death (PCD), apoptosis is a 
highly regulated and organized biological pro-
cess maintaining internal homeostasis by elimi-
nating targeted cells [24]. This process could 
kill malignant cells without damaging surround-
ing normal functional cells. Apoptosis is con- 
sidered one of the key mechanisms of ideal 
anti-cancer agents [25]. In this study, we found 
that emodin inhibited the proliferative ability of 
CRC cells in vitro in a concentration-dependent 
manner. We further detected apoptosis of CRC 
after emodin incubation and found that the 
apoptotic rate was elevated by emodin in a con-
centration-dependent manner. The results indi-
cated that apoptosis induction was involved in 
the anti-proliferative effect of emodin against 
CRC cells.

Excessive intracellular oxidative stress is one  
of the most important apoptosis-inducing fac-
tors which is correlated with apoptotic path-
ways. Emodin is a natural product extracted 
from barks and roots of various plants [26].  
The molecular structure of emodin is similar  

(Puma/GAPDH) in SW480 cells incubated with serially diluted emodin solutions. [*differences were significant 
when compared with previous concentration]. C. Columns showed the p-38 phosphorylation level (p-p38/p38), p53 
unclear translocation (p53/histone) and Puma expression (Puma/GAPDH) in SW480 cells treated by NAC and/or 
emodin solutions. [a. differences were significant when compared with “Ctrl”; b. differences were significant when 
compared with “Ctrl+NAC”; c. differences were significant when compared with “emodin”]; D. Columns showed the 
p38 phosphorylation level (p-p38/p38), p53 unclear translocation (p53/histone) and Puma expression (Puma/
GAPDH) in SW480 cells treated by p38 siRNA and/or emodin solutions. [a. differences were significant when com-
pared with “Ctrl”; b. differences were significant when compared with “Ctrl+p38-/-”; c. differences were significant 
when compared with “emodin”]. Similar results were found in SW620 cells which were not demonstrated in this 
figure.
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to 2,3-dimethoxy-1,4-naphthoquinone which 
shows the property of quinones, generating 
ROS when electrons are transferred [27]. Thus, 

emodin could also recognized as a intracellular 
ROS generator. In this study, we found that 
emodin incubation significantly elevated intra-

Figure 4. Effects of Puma silencing on emodin-induced ROS production, apoptosis and p38/p53/Puma signaling. 
A. Demonstrated the captured fluorescent images of Hoechst and DCFH-DA staining on SW480 and SW620 cells 
received Puma siRNA and/or emodin treatments. B. Demonstrated the immunoblots of phosphorylated p38, total 
p38, p53, histone, Puma and GAPDH in SW480 cells received Puma siRNA and/or emodin treatments. C. Columns 
demonstrated the apoptotic rate of SW480 and SW620 cells received Puma siRNA and/or emodin treatments; D. 
Columns demonstrated the mean fluorescent intensity of DCFH-DA staining of SW480 and SW620 cells received 
Puma siRNA and/or emodin treatments; E. Columns demonstrated the p-38 phosphorylation level (p-p38/p38), 
p53 unclear translocation (p53/histone) and Puma expression (Puma/GAPDH) in SW480 cells received Puma 
siRNA and/or emodin treatments. [a. differences were significant when compared with “Ctrl”; b. differences were 
significant when compared with “Ctrl+Puma-/-”; c. differences were significant when compared with “emodin”]. The 
results immunoblots of phosphorylated p38, total p38, p53, histone, Puma and GAPDH in SW620 cells were not 
shown in this figure which were similar to results in SW480 cells.
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cellular ROS level in CRC cells. Furthermore, 
NAC was used to reduce the intracellular ROS 
generated by emodin in CRC cells. As a result, 
apoptosis was significantly inhibited. This result 
suggested that emodin-induced excessive ROS 
generation induced apoptosis of CRC cells. 
Thus, a association between emodin’s anti-
cancer effect and ROS production activity was 
established.

p38 is a protein kinase belongs to mitogen- 
activated protein kinases (MAPK) family, 
response to various cellular stressful condi-
tions [28]. It is believed that p38 also plays  
a role in redox signaling transduction [29]. p38 
is considered as a sensor of oxidative stress 
because p38 could be activated under stimula-
tion of excessive intracellular ROS. p38 is phos-
phorylated to reach activation [30]. Then acti-
vated p38 regulates its down-stream transcrip-
tion factors including p53 [31] which is also 
regarded as a redox sensor. According to previ-
ous studies, as one of the direct down- stream 
effectors of p38, p53 could be activated by 
p38 to accumulate in nucleus [32]. Then the 
expressions of p53's target genes such as  
Bak, Noxa, Apaf and Puma are subsequently 
regulated [33]. In the current study, either  
ROS reduction or p38 silencing inhibited p53- 
induced Puma expression, thus, the activat- 
ion of ROS/p38/p53/Puma pathway was con-
firmed in emodin-incubated CRC cells.

Puma is a pro-apoptotic protein regulating mi- 
tochondria-mediated apoptotic pathway [34]. 
Mitochondrial dysfunction is induced by several 
multi-domain proteins such as Bax and Bak 
which are activated by Puma. Then mitochon-
drial apoptogenic proteins such as cytochrome 
c are released from mitochondria to trigger 
activation of caspase activation which would 
eventually lead to irreversible cell apoptosis 
[35]. In this study, after Puma was silenced by 
RNAi technique, the emodin-induced apoptosis 
of CRC cells decreased significantly. These 
results indicated that the apoptotic signaling 
transduction via ROS/p38/p53/Puma pathway 
in emodin-incubated CRC cells.

In summary, this study demonstrated that emo-
din inhibited proliferation of human CRC cells 
by inducing cell apoptosis. Moreover, our study 
suggested excessive intracellular ROS genera-
tion was the initiator of emodin- induced CRC 

apoptosis. Mechanically, the apoptotic signal-
ing is transduced through p38/p53/Puma sig-
naling pathway. These results not only deep-
ened our understanding of mechanisms of 
emodin’s anti-cancer activity, but also aug-
mented solid evidences for future clinical appli-
cation of emodin-associated drugs in human 
CRC treatment.
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