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Abstract. Methyl jasmonate is found universally in the 
plant kingdom and functions to regulate plant growth and 
development, as well as in stress responses through signal 
transduction pathways. The present study aimed to investigate 
the anticancer effect of methyl jasmonate on SW620 human 
colorectal cancer cells and its potential underlying mechanism. 
SW620 cells were treated with 0, 0.5, 0.75, 1.5 and 2.0 mM 
methyl jasmonate for 12, 24 and 48 h. Methyl jasmonate was 
shown to be able to inhibit cell growth and induce apoptosis of 
SW620 cells in a concentration and time‑dependent manner, 
whilst promoting an increase in caspase‑3 protein expression. 
Compared with control, the anticancer effect of methyl jasmo-
nate inhibited Enhancer of zeste homolog 2 (EZH2) protein 
expression and activated microRNA (miR)‑101 expression in 
SW620 cells. However, knockdown of miR‑101 suppresses 
methyl jasmonate‑induced cell growth inhibition, activation 
of caspase‑3 expression and inhibition of EZH2 expression in 
SW620 cells. These results demonstrate that methyl jasmonate 
induced the apoptosis of human colorectal cancer cells via 
downregulation of EZH2 expression by miR‑101.

Introduction

Colorectal cancer is one of the most common types of 
malignant tumor, with the third highest mortality rate of all 
cancers (1). Statistics showed that in 2008, there were nearly 
1  million new cases of colorectal cancer worldwide and 
approximately 500,000‑related fatalities (2). In recent years, 
with social and economic development, changes of the dietary 
patterns, aging of the population and rapid development 

of endoscopic techniques, the diagnostic rate of colorectal 
cancer in China has increased, and become a serious health 
problem (3). Compared with 1990s and 1970s, the morbidity 
of colorectal cancer in China in urban areas was increased by 
32.0%, while that in rural areas was increased by 8.5% (4). 
Furthermore, it has become the most common type of malig-
nant cancer in China.

Occurrence and progression of tumors is an evolutionary 
process with various factors and steps in which gene expres-
sion abnormality is essential (5). With an increasing number 
of studies on the pathogenic mechanisms of colorectal cancer, 
there has been a focus on molecular markers that are vital in 
early diagnosis, clinical stages, individual‑based treatment, 
targeting tumors and prognosis monitoring. The first iden-
tification of a microRNA (miRNA) molecule was lin‑4 in 
Caenorhabditis elegans (6). Thus far, nearly 1,500 miRNA 
sequences have been determined (6). miRNAs are important 
in tumor occurrence and progression (7). At present, studies 
of the correlation between certain miRNAs and cancer have 
attracted great attention. Numerous studies provided new 
ideas for tumor treatment.

JA (jasmonic acid) is a type of plant hormone, whose 
methyl derivative is methyl jasmonate. Methyl jasmonate was 
initially obtained by separation from jasmine and Tunisian 
rosemary oils (8), however, it is now known to exist universally 
in plants to stimulate the expression of plant defence genes 
and their chemical defence. Studies on methyl jasmonate were 
previously restricted to botany and it was demonstrated to be 
involved in accelerating organic senescence, inducing fruit 
ripening and response of plant diseases and insect pests (9). 
However, it has also been reported that methyl jasmonate 
could induce cell differentiation of myelogenous leukemia 
and inhibit its proliferation (10). In addition, methyl jasmonate 
could induce differentiation and apoptosis of lymphocytic 
leukemia cells but did not damage normal lymphocytes (10,11). 
The present study demonstrated the anticancer effect of methyl 
jasmonate‑induced apoptosis of human colorectal cancer. 
Furthermore, the anticancer effect of methyl jasmonate on 
human colorectal cancer was shown to occur via downregula-
tion of EZH2 expression by miR‑101. Data may suggest that 
methyl jasmonate may be developed as a novel drug for the 
treatment of colorectal cancer.
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Materials and methods

Reagents. RPMI‑1640 was purchased from PAN Biotech 
(Aidenbach, Germany). Fetal bovine serum (FBS) was 
purchased from HyClone (Logan, UT, USA). Cell Counting 
Kit‑8 assay (CCK‑8) was obtained from Hangzhou Evergreen 
Company (Hangzhou, China). Fluorescein isothiocya-
nate‑conjugated Annexin V (Annexin V‑FITC)/propidium 
iodide (PI) was obtained from BD Pharmingen (San Diego, 
CA, USA). Bicinchoninic acid (BCA) Protein Assay kit and 
Lipofectamine 2000 were purchased from Thermo Fisher 
Scientific Inc. (Waltham, MA, USA). TRIzol reagent was from 
Invitrogen Thermo Fisher Scientific Inc. cDNA Synthesis 
kit was purchased from Takara Biotechnology Inc. (Dalian, 
China).

Cell culture. SW620 human colorectal cancer cells were 
purchased from the Cell Bank of the Chinese Academy of 
Sciences (Shanghai, China) and cultured with RPMI‑1640 and 
10% FBS at 37˚C in an atmosphere of 5% CO2.

In vitro cell viability assay. SW620 cells were plated at a 
density of 1x104 cells per well in 96‑well plates. Briefly, after 
a 12, 24 or 48 h drug treatment with control, 0.5, 0.75, 1.5 or 
2.0 mM methyl jasmonate (structure shown in Fig. 1), SW620 
cells were incubated with 10 µl CCK‑8 for additional 2 h at 
37˚C in the dark. Absorbance of SW620 cells was measured 
on an Opsys MR spectrophotometer (DYNEX Technologies, 
Denkendorf, Germany) at 450 nm.

Apoptotic cells. SW620 cells were plated at a density of 
1‑2x106 cells per well in 96‑well plates. Briefly, after a 24 h 
drug treatment with control, 0.5, 0.75 or 1.5 mM methyl jasmo-
nate, SW620 cells were incubated with Annexin V‑FITC and 
PI for 30 min in the dark. Apoptotic cells were analyzed by 
flow cytometry (FACScan, Becton Dickinson, Mountain View, 
CA, USA).

Western blot analysis. SW620 cells were plated at a density 
of 1‑2x106 cells per well in 96‑well plates. Briefly, after a 
24 h drug treatment with control, 0.5, 0.75 or 1.5 mM methyl 
jasmonate, SW620 cells were incubated with 1X cell lysis 
buffer (Promega Corporation, Madison, WI, USA). Protein 
concentration was measured using a BCA Protein Assay 
kit. Equal quantities of total proteins (80 µg) were boiled, 
separated by sodium dodecyl sulfate‑polyacrylamide gel 
electrophoresis and blotted onto polyvinylidene fluoride 
membranes (Millipore, Darmstadt, Germany). Following 
alternative immunoblot analysis with monoclonal mouse 
anti‑human caspase‑3 (1:2,000; Santa Cruz Biotechnology, 
Inc., Dallas, TX, USA; cat. no. sc‑56050), monoclonal mouse 
anti‑human EZH2 (1:1,000; Cell Signaling Technology, Inc., 
Danvers, MA, USA; cat. no. 3147) and monoclonal mouse 
anti‑human β‑actin (1:5,000; Santa Cruz Biotechnology Inc.; 
cat. no. sc‑130300). Immunoreactive bands were incubated 
using the specific goat anti‑rabbit horseradish peroxi-
dase‑conjugated secondary antibody (1:5,000; Beyotime 
Institute of Biotechnology, Haimen, China; cat. no. A0216) 
and the enhanced chemiluminescence system (Amersham 
Biosciences, Piscataway, NJ, USA). Band intensities were 

quantified using the Image  J  2.1.4.7 software (National 
Institutes of Health, Bethesda, MD, USA)

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR) analysis. SW620 cells were plated at a density 
of 1‑2x106 cells per well in 96‑well plates. Briefly, after a 
24 h drug treatment with control, 0.5, 0.75 or 1.5 mM methyl 
jasmonate, SW620 cells were incubated with the TRIzol 
reagent to isolate Total RNA. The Transcriptor First Strand 
cDNA Synthesis kit (Takara Biotechnology Inc., Dalian, 
China) was used to transcribe cDNA from 1‑2 µg total RNA. 
qPCR was performed with 500 ng‑1 µg cDNA using Applied 
Biosystems 7,700 HT Real‑Time PCR System (Thermo 
Fisher Scientific, Inc.). PCR reactions were performed under 
the following conditions: 40 cycles at 95˚C for 15 sec, at 60˚C 
for 40 sec and 72˚C for 30 sec analysis was performed at the 
end. The PCR primers were as follows: miR‑101: 5'‑TGC​TGT​
ACA​GTA​CTG​TGA​TAC​GAG​TTT​TGG​CCA​CTG​ACT​GAC​
TTC​AGT​TAA​CAG​TAC​TGTA‑3' and 5'‑CCT​GTA​CAG​TAC​
TGT​TAA​CTG​AAG​TCA​GTC​AGT​GGC​CAA​AAC​TTC​AGT​
TAT​CAC​AGT​ACT​GTAC‑3'; U6: 5'‑CTC​GCT​TCG​GCA​
GCA​CATA‑3' and 5'‑AAC​GCT​TCA​CGA​ATT​TGC​GT‑3'. 

Figure 2. Methyl jasmonate induced growth inhibition of human colorectal 
cancer cells. *P<0.01 compared with the control group.

Figure 3. Methyl jasmonate induced apoptosis of human colorectal cancer 
cells. *P<0.01 compared with the control group.

Figure 1. Chemical structure of methyl jasmonate.
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The relative expression levels were calculated using the 2‑∆∆Cq 
method (12)

Pre‑miR‑101 const ruct  and s table t ransfect ion. 
Pre‑miR‑101‑EGFP (5'‑TAC​AGT​ACT​GTG​ATA​ACT​GAA‑3') 
and negative control‑EGFP were structured (GenePharma Co., 
Ltd., Shanghai, China) and were transfected into SW620 cells 
using Lipofectamine 2000.

Statistical analysis. Statistical analysis was performed 
using SPSS 17.0 software (SPSS Inc., Chicago, IL, USA). 
Continuous variables were expressed as the mean ± standard 
error of the mean. Statistical comparison between groups was 
conducted using one way analysis of variance followed by the 
Tukey‑Kramer method. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Methyl jasmonate induces growth inhibition of human 
colorectal cancer cells. In order to confirm the anticancer 
effect of methyl jasmonate on cell growth of human colorectal 
cancer cells, the cell viability of SW620 was determined using 

CCK‑8. The results indicated that 0.5, 0.75, 1.5 and 2.0 nM 
methyl jasmonate significantly inhibited cell viability of 
SW620 cells in a dose‑ and time‑dependent manner, when 
compared with the untreated control (P=0.0094, P=0.0082, 
P=0.0042 and P=0.0028, respectively; Fig. 2). This suggests 
that methyl jasmonate can potentiate the inhibitory effect on 
the growth of colorectal cancer cells.

Methyl jasmonate induces apoptosis of human colorectal 
cancer cells. To confirm that cell apoptosis was involved in 
methyl jasmonate‑induced effect on cell growth of human 
colorectal cancer cells, cell apoptosis in SW620 cells was 
assessed using (FITC)‑conjugated Annexin  V (Annexin 
V‑FITC)/propidium iodide (PI) kit. SW620 cell staining 
indicated that the administration of 0.75 and 1.5 mM methyl 
jasmonate increased cell apoptosis of SW620 cells in a 
dose‑dependent manner, when compared with the untreated 
control (P=0.0018 and P=0.0008, Fig. 3).

Methyl jasmonate induces activation of caspase‑3 expression. 
The protein expression of caspase‑3 was then examined by 
western blot analysis, the critical executioner of apoptosis. 
The results indicated that 0.75 and 2.0 mM methyl jasmonate 
induced the production of caspase‑3 in a dose‑dependent 
manner in SW620 cells, when compared with the untreated 
control (P=0.0034 and P=0.0018, Fig. 4). 

Methyl jasmonate induces inhibition of EZH2 expression. 
To confirm the effect of methyl jasmonate on EZH2 protein 
expression of SW620 cells, EZH2 protein expression was 
measured using western blot analysis. It was demonstrated 
that 0.75 and 2.0 mM methyl jasmonate suppressed the EZH2 
protein expression of SW620 cells, when compared with the 
untreated control (P=0.0034 and P=0.0018, Fig. 5).

Figure 4. Methyl jasmonate induced activation of caspase‑3 expression. (A) Methyl jasmonate induced activation of caspase‑3 protein expression by western 
blotting assays and (B) statistical analysis of caspase‑3 protein expression. *P<0.01 compared with the control group.

Figure 5. Methyl jasmonate induced the inhibition of EZH2 expression. (A) Methyl jasmonate induced activation of EZH2 protein expression by western 
blotting assays and (B) statistical analysis of EZH2 protein expression. *P<0.01 compared with the control group. EZH2, Enhancer of zeste homolog 2.

Figure 6. Methyl jasmonate induced upregulation of miR‑101 expression. 
*P<0.01 compared with the control group. miR, microRNA.
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Methyl jasmonate induces upregulation of miR‑101 expression. 
In order to ascertain the effect of methyl jasmonate on medi-
ating miR‑101 expression, qPCR was conducted to analyze 
gene expression Data showed that 0.75 and 2.0 mM methyl 
jasmonate upregulated the miR‑101 expression in SW620 cells 
(P=0.0088 and P=0.0042, Fig. 6).

Knockdown of miR‑101 suppresses methyl jasmonate‑induced 
growth inhibition of human colorectal cancer cells. The 
mechanisms underlying the effect of methyl jasmonate on 
the reduction of cell viability by detecting the expression 
of miR‑101 were further investigated. The data showed that 
knockdown of miR‑101 suppresses the miR‑101 expression in 
SW620 cells and 1.5 mM methyl jasmonate‑induced miR‑101 
expression (Fig.  7A). In addition, knockdown of miR‑101 
reversed the 1.5 mM methyl jasmonate‑induced suppression of 
SW620 cell growth (P=0.0042, Fig. 7B).

Knockdown of miR‑101 suppresses methyl jasmonate‑induced 
activation of caspase‑3 expression. The mechanisms under-
lying the effects of methyl jasmonate on caspase‑3 expression 
and the induction of apoptosis of SW620 cells were investigated. 

Data showed that knockdown of miR‑101 reversed the 1.5 mM 
methyl jasmonate‑induced increase in caspase‑3 protein 
expression in SW620 cells (P=0.0036, Fig. 8).

Knockdown of miR‑101 suppresses methyl jasmonate‑induced 
inhibition of EZH2 expression. The mechanisms underlying 
the effect of methyl jasmonate on the EZH2 expression of 
SW620 cells. Results demonstrated that knockdown of miR‑101 
reversed the 1.5  mM methyl jasmonate‑induced decrease 
in EZH2 protein expression in SW620 cells (P=0.0031 and 
P=0.0004, Fig. 9).

Discussion

Colorectal cancer is one of most common types of malignant 
tumor, with the third highest cancer‑related mortality rate (1). 
However, the pathogenesis of colorectal cancer needs to be 
fully determined and difficulties remain in diagnosis and treat-
ment. Consequently, morbidity and mortality rates are high. 
By far, the most effective treatment method is the combination 
of radical surgery and chemotherapy. Five‑year survival rates 
of patients with local tumors are ~93% (13). However, nearly 

Figure 9. Knockdown of miR‑101 suppresses methyl jasmonate‑induced inhibition of EZH2 expression. (A) Knockdown of miR‑101 suppresses methyl jasmo-
nate‑induced activation of EZH2 protein expression by western blotting assays and (B) statistical analysis of EZH2 protein expression. *P<0.01 compared with 
the control group; #P<0.01 compared with the 1.5 mM methyl jasmonate group. miR, microRNA; EZH2, Enhancer of zeste homolog 2.

Figure 7. Knockdown of miR‑101 suppresses methyl jasmonate‑induced growth inhibition of human colorectal cancer cells. (A) miR‑101 expression and (B) growth 
inhibition of human colorectal cancer cells. *P<0.01 compared with the control group; #P<0.01 compared with the 1.5 mM methyl jasmonate group. miR, microRNA.

Figure 8. Knockdown of miR‑101 suppresses methyl jasmonate‑induced activation of caspase‑3 expression. (A) Knockdown of miR‑101 suppresses methyl 
jasmonate‑induced activation of caspase‑3 protein expression by western blotting assays and (B) statistical analysis of caspase‑3 protein expression. *P<0.01 
compared with the control group; #P<0.01 compared with the 1.5 mM methyl jasmonate group. miR, microRNA.
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50% patients have metastasis at initial diagnosis (13). In addi-
tion, more than one third of patients with local tumors relapse 
following surgery (13). In this study, methyl jasmonate induced 
growth inhibition, apoptosis and caspase‑3 protein expression 
in SW620 cells. It was reported that methyl jasmonate reduces 
growth of cervical cancer cells (14), human prostate adenocar-
cinoma cells (15) and human lung adenocarcinoma cells (16).

The EZH2 human gene was identified in 1996  (17). 
EZH2 protein is evidently upregulated in metastatic prostate 
cancer and breast cancer (18). As a transcriptional repressor 
protein, EZH2 inhibits transcription of numerous genes and 
leads to increased tumor invasion and metastasis  (19,20). 
Among inhibited genes, the majority inhibit development 
and progression of tumors, which increases the expression of 
metastasis‑promoting genes (21). Expression of EZH2 protein 
in colorectal cancer tissues is higher than that in normal 
colorectal tissues (22). In addition, it was suggested that as an 
oncogene, EZH2 is closely associated with the occurrence and 
progression of liver cancer (23). Methyl jasmonate was also 
shown to suppress EZH2 protein expression in SW620 cells. 
Wang et al (24) demonstrated that methyl jasmonate sensitizes 
gembogic acid‑induced apoptosis of human bladder cancer 
cells via downregulation of EZH2 expression by miR‑101.

Increasing evidence suggests that miRNA is crucial in the 
carcinogenesis and progression of tumors. A large number 
of miRNAs have been demonstrated to be upregulated or 
downregulated in various types of tumor (25). Among occur-
rence of various tumors, part of miRNA has the function of 
tumor‑inhibiting factors while part of it has the function of 
tumor promoters. miRNA‑101 is important in malignant 
tumors and its abnormal expression has been confirmed in a 
number of studies (26‑28). A previous study demonstrated that 
miR‑101 is associated with the metastasis of cancer and the 
inhibition of miR‑101 can facilitate metastasis of colorectal 
cancer (29). In this study, miR‑101 expression was demon-
strated to be upregulated in SW620 cells. Knockdown of 
miR‑101 was shown to suppress the anticancer effect of methyl 
jasmonate‑induced growth inhibition, caspase‑3 protein 
expression, and inhibition of EZH2 expression in SW620 cells. 
Wang et al (24) expounded that methyl jasmonate sensitizes 
gembogic acid‑induced apoptosis of human bladder cancer 
cells via downregulation of EZH2 expression through miR‑101.

In conclusion, the present study demonstrates that the anti-
cancer effect of methyl jasmonate suppresses cell growth and 
induces apoptosis of SW620 human colorectal cancer cells and 
increases caspase‑3 expression. These results indicate that its 
anticancer effects occur via suppression of the EZH2 pathway 
and activation of miR‑101 expression in SW620 cells.
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