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Objective: To evaluate 5-Aza-CdR’s inhibited effects on migration, proliferation, and
apoptosis in colon cancer cells and its potential mechanisms.

Methods: HCT-116, SW480, and SW620 were divided into HCT116 group, HCT116+5-
Aza-CdR group, SW480 group, SW480+5-Aza-CdR group, SW620 group and SW620+5-
Aza according to experimental needs. MTT test was chosen to investigate cell proliferation;
Transwell test was used to evaluate cell migration; scratch assay was used to investigate cell
invasion; flow cytometry was used to investigate apoptosis; immunofluorescence assay was
used to investigate the protein level of DNMT1 and RASSFI1A in cells; qRT-PCR was used
to examine DNMT1, RASSF1A, RAS, Rafl, MEK, Grb2 and ERK transcription levels.
Results: Compared with HCT116 group, 5-Aza-CdR+HCT116 group inhibited cell prolifera-
tion, increased apoptosis rate, decreased invasive ability, decreased DNMT1 expression,
increased expression of RASSF1A, decreased expression of RAS, Rafl, MEK, Grb2 and
ERK. SW480 was compared with 5-Aza-CdR+SW480 group and SW620 group with 5-Aza-
CdR+SW620 group. Their change trend of detection index was similar to that in HCT-116 group
and HCT116+5-Aza-CdR group.

Conclusion: 5-Aza-CdR can obviously inhibit the proliferation, migration and invasion of three
colon cancer cell lines. Its mechanism maybe relies on the inhibition of DNMT1 mRNA level and
protein level and the enhancement of RASSF1A mRNA level and protein level.
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Introduction

Colon cancer is a highly aggressive malignancy that accounts for about 10% of cancer-
triggered mortality." Approximately 3-5% of colon cancers worldwide are caused by
genetic factor, and up to 25% of patients have family susceptibility, but most colon
cancers are sporadic without sensitive genes.? More and more studies have proved that
epigenetic changes, such as DNA methylation, hydromethylation, chromatin remodel-
ing, histone methylation and acetylation RNA interference, also play a critical part in
the occurrence and development of colon cancer, expect as genetically unstable
phenotypes such as chromosome and microsatellite instability.**

Epigenetic changes are characterized by dynamic changes compared with
genetic defects and can be affected by age, environment, lifestyle and dietary
habit. Abnormal DNA methylation includes focal hypermethylation of the promoter
CpG island and global hypomethylation of the DNA. The former will trigger
transcriptional silencing of the target gene, while the latter will reduce the stability
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of the chromosome, which is the most critical epigenetic
experiment in the development of cancer.”® It has been
reported that RASSFIA, an important tumor suppressor
gene, is present in a highly methylated form in colon
cancer. Maintenance of DNA methylation status is primar-
ily dependent
(DNMT).
DNMTT1 is a major DNMTs involved in the maintenance

on DNA methyltransferase function

of methylation in DNA replication. Moreover, the status of
DNA methylation is also closely related to the extracellular
signal-regulated kinase (ERK) pathway. ERK activation can
trigger further excitation of downstream Ras protein, and the
activated Ras-ERK signaling pathway is a key event in reg-
ulating cell proliferation and apoptosis.”* Studies have shown
that up-regulation of DNMT]1 can inhibit the expression of
RASSF1A,” " while over-expression of RASSF1A can inhi-
bit cell proliferation, enhance cell migration and apoptosis'> **

Given the potentially reversible nature of DNA methyla-
tion changes, which often precede genetic events in multistage
colon cancer, this presents an anticipated and hopeful oppor-
tunity for cancer prevention and treatment. At present, there are
many studies exploring the treatment of cancer by inhibiting
the abnormal methylation of DNA in cancer cells. 5-
Azacytidine and 5-aza-29-deoxycytidine (5-Aza-CdR) have
been determined to be valid DNMT inhibitors. 5-Aza-CdR
can directly bind to DNA single strands during DNA replica-
tion, and on the other hand, it can catalyze proteasome-depen-
dent degradation of demethylated DNMT1, and finally exert
demethylation biological activity.'> " At present, 5-Aza-CdR
has been widely used in the therapy of hematological tumors,
but its application in colon cancer is still rare, and its mechan-
ism is still unclear.

In our study, the inhibitory function of 5-Aza-CdR on
proliferation and migration of three colon cancer cell lines
was firstly investigated, and its mechanism was closely
related to the inhibition of DNMT! and the increase of
RASSF1A transcription level. The above results can pro-
vide new ideas and strategies for the colon cancer’s clin-
ical therapy.

Materials And Methods

Materials And Reagent

Human colon cancer cells HCT-116, SW480, SW620 were
purchased from the Shanghai Cell Bank of the Chinese
Academy of Sciences; 5-Azacytidine (100 mg; Ab142744)
was purchased from Abcam; The cell culture reagent was

prepared from the following reagents: DMEM-high

glucose medium (Hyclone, Cat. No. SH30022.01B),
Streptomycin (Hyclone, Cat. No. SH30010), PBS potas-
sium phosphate buffer (Hyclone, Cat. No. SH30256.01B),
fetal bovine serum (Hyclone, Cat. No. SH30087.01).

Experimental Grouping

According to the experimental needs, the three cell lines,
HCT116, SW480 and SW620, were divided into HCT116
group, HCT116+5-Aza-CdR group, SW480 group, SW480
+5-Aza-CdR group, SW620 group and SW620+5-Aza-CdR
group. The water bath was preheated to 37°C, and the super-
clean workbench that was irradiated with ultraviolet light
for 30 mins was wiped with 75% alcohol. Disinfected
centrifuge tubes, straws, culture flasks, etc., were placed
in order on the workbench. Remove the cell culture flask
and perform aseptically. Aspirate the old culture solution.
The trypsin-EDTA solution (1mL/25c¢m;) was added and
slightly wash the bottom. Aspirated the trypsin-EDTA solu-
tion and placed it in a 37°C incubator for 2-3 mins. Gently
pated the wall of the flask to allow most of the cells to fall
off and observed under an inverted microscope. When the
cells were to be separated and presented in round granules,
trypsin was stopped by adding an appropriate amount of
fresh serum-containing medium. The pipette was sucked up
and down several times to break up the cell mass. After
mixing evenly, made up 3n (n is the number of passage
bottles) mL medium (MEM), and transferred to a new
culture bottle according to the dilution ratio. And then put
in CO, incubator (5% CO,, saturated humidity, 37°C). The
concentration of 5-Aza-CdR was 5 pmol/L and the treat-
ment time was 24 hrs.

MTT Assay For Cell Proliferation

The cells of each treatment group were taken for the following
experiment. After digesting the cells, the cells were blown,
counted to modulate the cell concentration to 1x10° cells/mL,
and then divided into 96-well plates, 100 uL per well, namely,
1x10* cells per well. The adherent cells were collected at
various time points for detection after cell adhesion Cells
were harvested at different time points (0, 24, 48, 72 hrs)
and added to cell Titer 96 AQ One Solution Cell
Proliferation assay reagent (Promega, Cat. No. G3582) at a
ratio of 1/10. That was, 10 pL of the detection solution was
added to 100 pL of the culture solution. After 4 hrs of incuba-
tion, the plate was read by an enzyme-labelling measuring
instrument and the OD490 data were read by MTT assay. Each
assay was performed in triplicate.18
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Flow Cytometer Detection Of Apoptosis
The medium from each of the cell culture plates was trans-
ferred to a 15 mL tube. Cells in the plate were gently swashed
with PBS. 0.5 mL 0.25% trypsin without EDTA to incubate
until they began to fall off from the culture plate wall under
the microscope. Afterwards, the cells were completely exfo-
liated from the culture plate wall by gentle continuous beat-
ing. The cells were suspended gently in step 1 medium or
pre-cooled 1x binding buffer to make their density approxi-
mately 1x 10° cells/mL. Transferred 0.5 mL of the cell
suspension from the cell culture plated (5 x 10° cells) to a
clean centrifuge tube. Added 1.25 pl. Annexin V-FITC. 15
mins for reaction (18-24°C). The supernatant was removed
in centrifuge at 1000 g for 5 mins at room temperature. The
cells were slightly suspended with 0.5 mL of precooked
binding buffer. Added 10 pL of Propidium lodide. The
sample was placed on ice to preserve it from light, and
analyzed by flow cytometry at once.'’

gRT-PCR Detection

According to the manufacturer’s protocol, total RNA using
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was sepa-
rated. By using reverse transcription kit (Takara, Dalian,
China) isolated RNA reverse transcribed into cDNA. The
results were normalized according to the expression of glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH). PCR pri-
mers are shown in Table 1. qRT-PCR data collection device
on the ABI 7500 (Applied Biosystems, Foster City, CA, USA)
was carried out. PCR reaction was carried out at 50°C 2 mins,
at 95°C 10 mins, at 95°C 15 s, at 60°C 30 s. A relative

2 AAC pethod was

expression level of the gene using
calculated. All the PCR-reaction was repeated in a qRT tripli-

cate experiments.

Cellular Immunofluorescence
The cells in the culture medium were fixed in 4% paraf-
ormaldehyde for 30 mins; washed 3 times with PBS for 5

mins each time; 0.2% Triton X-100 for 5 mins; washed 3
times with PBS for 5 mins each time; 10% normal goat
serum was blocked for 0.5 hrs. Then, the primary anti-
body was incubated overnight at 4°C (anti-RASSFla
antibody [3F3], 1:500; 1:500; ab23950; anti-Dnmt1 anti-
body [EPR3521(2)], 1:250, ab134148); washed 3 times
with PBS for 5 mins each time. Fluorescently labeled
secondary antibody (1:200) was incubated for 60 mins in
the dark at room temperature; washed 3 times with PBS
for 5 mins each time. DAPI was incubated for 5 mins in
the dark; washed once with PBS for 5 mins and washed
twice for 5 mins each time; sealed with fluorescent anti-
quenching agent; microscopic examination was done and
photos were taken.?’

Data Processing And Statistical Analysis
Student's T-test was carried out with SPSS 21.0 software,
and GraphPad prism6.0 was used for drawing. All data
were presented as mean + standard error. When P < 0.05,
the difference was considered statistically significant.

Results
Effect Of 5-Aza-CdR On Proliferation Of

Colon Cancer Cells

MTT assayed the effect of 5-Aza-CdR on the proliferation of
three colon cancer cells, HCT116, SW480 and SW620. As the
experimental results are shown in Figure 1, compared with the
HCT116 group, the cells proliferation of the HCT116 group
treated with 5-Aza-CdR was inhibited (Figure 1A). In addi-
tion, compared with SW480 group, the cells proliferation of
SW480 treated with 5-Aza-CdR group was inhibited
(Figure 1B). Moreover, compared with the SW620 group,
the cells proliferation of SW620 group treated with 5-Aza-
CdR was inhibited (Figure 1C). Above experimental results
showed that 5-Aza-CdR could obviously suppress the prolif-
eration of colon cancer cells.

Table | The Forward And Reverse Primers Used In Real-Time RT-PCR

Gene ID Forward Primer Reverse Primer

DNMTI 1786 CAGGGACCACATCTGTAAGG TCCTGTCATGGTGGGTATACC

RASSFIA 11186 CTGCAGATTGCAAGTTC TCCTTGTTCAAGCTCAT

RAS 3845 TGCCTACCAGATGCCAGTCA AGACCAAACCCCTTCTTTGC

Rafl 5894 CCAGTCGGATGTCTACTCCT AGCAGCTCAATGGAAGACAG

MEK 5609 ATCTCGTTGGTGGAG GATCTTTAGTAAGGCAGTC

Grb2 2885 GCTTCATTCCCAAGAACTAC TTTCCAAACTTGACAGAGAGG

ERK 5594 TGCAGATCCAGACCATGATC CTGGAAAGATGGGCCTGTTA
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Figure | 5-Aza-CdR can inhibit proliferation in colon cancer cells.
Notes: (A) MTT experimental results of HCT| 16 cells; (B) MTT experimental results of SW480 cells; (C) MTT experimental results of SW620 cells; *p<0.05, ***p<0.001
(n=6).
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Effect Of 5-Aza-CdR On Invasion Of

Colon Cancer Cells

Transwell experiments were used to test the influence of 5-
Aza-CdR on the invasion of three colon cancer cells,
HCT116, SW480 and SW620. The experimental results
are shown in Figure 2. The invasive ability of 5-Aza-CdR
dealing with HCT116 cells was decreased compared with
the HCT116 group (Figure 2A). In addition, compared
with the SW480 group, the invasive ability of 5-Aza-
CdR dealing with SW480 group cells was decreased
(Figure 2B). Moreover, the invasive ability of 5-Aza-
CdR dealing with SW620 cells was decreased compared
with the SW620 group (Figure 2C). The above experimen-
tal results suggested that 5-Aza-CdR significantly inhibited
the invasion of colon cancer cells.

Effect Of 5-Aza-CdR On Migration Of

Colon Cancer Cells

The influence of 5-Aza-CdR on the migration of three colon
cancer cells, HCT116, SW480 and SW620, was investigated
by scratch test. The experimental results are shown in Figure 3.
Compared with the HCT116 group, the mobility of 5-Aza-
CdR dealing with HCT116 cells was significantly decreased
(Figure 3A). In addition, compared with the SW480 group, the
mobility of the 5-Aza-CdR dealing with SW480 group was
significantly decreased (Figure 3B). Moreover, compared with
the SW620 group, the mobility of 5-Aza-CdR dealing with
SW620 cells was significantly decreased (Figure 3C). The
indicated that 5-Aza-CdR
obviously inhibited the migration of colon cancer cells.

above experimental results

Effect Of 5-Aza-CdR On Apoptosis Of

Colon Cancer Cells

Flow cytometry was chosen to investigate the influence of 5-
Aza-CdR on apoptosis of HCT116, SW480 and SW620 colon
cancer cells. The experimental results are shown in Figure 4.
The apoptosis rate of the 5-Aza-CdR dealing with HCT116
group was enhanced compared with the HCT116 group
(Figure 4A and B). In addition, compared with the SW480
group, the apoptosis rate of the 5-Aza-CdR dealing with
SW480 group was increased (Figure 4C and D). Moreover,
the apoptosis rate of the 5-Aza-CdR dealing with SW620
group was enhanced compared with the SW620 group
(Figure 4E and F). The above results suggested that 5-Aza-
CdR triggered apoptosis in three colon cancer cells, but the
specific mechanism remained unclear.

Effect Of 5-Aza-CdR On The Expression
Of DNMT1 And RASSFIA Proteins In

Colon Cancer Cells

Immunofluorescence experiments were performed to evaluate
the effects of 5-Aza-CdR on the protein level of DNMT1 and
RASSFI1A in three colon cancer cells, HCT116, SW480 and
SW620. The results of the immunization experiment are
shown in Figure 5. Compared with the HCT116 group, the
protein level of DNMT1 was decreased and the protein level
of RASSF1A was increased in HCT116 group with the treat-
ment of 5-Aza-CdR (Figure 5A); compared with SW480
group, the protein level of DNMT1 was decreased and the
protein level of RASSF1A was increased in SW480 group
treated with 5-Aza-CdR (Figure 5B); compared with SW620
group, protein level of DNMT1 was decreased and protein
level of RASSF1A was increased in SW620 group treated with
5-Aza-CdR (Figure 5C). The above experimental results indi-
cated that 5-Aza-CdR restored abnormally elevated DNMT 1
levels and abnormally reduced RASSF1A levels in colon
cancer cells.

Effects Of 5-Aza-CdR On The
Transcriptional Levels Of DNMTI,
RASSFIA, ERK, MEK, Grb2, Rafl And
RAS In Colon Cancer Cells

In order to further explore the mechanism of 5-Aza-CdR
in colon cancer cells' apoptosis, the mRNA level of
DNMTI1, RASSF1A, ERK, MEK, Grb2, Rafl and RAS
was tested by qRT-PCR. All results are shown in Figure 6.
Compared with HCT116 group, the mRNA level of
DNMT1 was decreased, the mRNA level of RASSF1A
was elevated, and the mRNA level of RAS, Rafl, MEK,
Grb2 and ERK was decreased in the HCT116 group trea-
ted with 5-Aza-CdR. In addition, compared with the
SW480 group, the mRNA level of DNMT1 was decreased,
the mRNA level of RASSFIA was increased, and the
mRNA level of RAS, Rafl, MEK, Grb2 and ERK was
decreased in the SW480 group treated with 5-Aza-CdR;
compared with SW620 group, the mRNA level of DNMT1
was decreased, the mRNA level of RASSFIA was
increased, and the mRNA level of RAS, Rafl, MEK,
Grb2 and ERK was decreased in the SW620 group treated
with 5-Aza-CdR. Together, these results suggested that 5-
Aza-CdR could increase the biological efficacy of colon
cancer cell apoptosis by inhibiting the ERK-Ras signaling
pathway.
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Figure 2 5-Aza-CdR can inhibit invasion in colon cancer cells.

Notes: (A) Transwell experimental results of HCT116 cells; (B) Transwell experimental results of SW480 cells; (C) Transwell experimental results of SW620 cells (400X,

scale bar=25 pum); **p<0.001 (n=6).

Discussion
In this research, the benefit effects of 5-Aza-CdR on three
colon cancer cell proliferation and apoptosis were systemati-
cally investigated, and its mechanism may be closely related to
inhibition of DNA methylation and ERK-Ras signaling path-
way. Based on the results of this study, we have provided new
and powerful evidence for the clinical use of 5-Aza-CdR for
colon cancer treatment.

In recent years, many studies have pointed out that the
development of cancer is closely related to genetic factors and

epigenetic modifications. Epigenetic modification refers to a
heritable phenotypic change that occurs when the gene does
not change in sequence. DNA methylation is an important
event in epigenetic modification. The DNA methylation is
catalyzed by DNMT and methylated by
S-adenosylmethionine (SAM). This change is often reversible.
Currently known DNMTs include DNMT1, DNMT3a, and
DNMT3b. DNMTT1 is mainly involved in newly synthesized
single-stranded DNA methylation and transmits methylation
information to progeny cells. DNMT3a and DNMT3b are

mainly
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mainly responsible for DNA  methylation

embryogenesis.”' The high expression of DNMTs in cancer

during

cells leads to hypermethylation of the tumor-suppressor gene
and then resulting in inactivation, ultimately leading to tumor
formation. Numerous studies have found that DNMT1 is
associated with abnormal DNA methylation, both of which
are closely related to the occurrence and development of
tumors.?? Dong et al also have found that cancer can be treated
by inhibiting DNMT]1. This is because the abnormal expres-
sion of DNMT1 in the GO/G1 phase of cell cycle can silence
the tumor suppressor and eliminate the normal blocking sig-
nal, leading to the uncontrolled growth of cancer cells.?* At the
same time, inhibiting DNMT1 activity can reduce the methy-
lation of inhibiting genes, promote their re-expression, and
reverse the phenotype of malignant tumors.>

5-Aza-CdR is the most widely used demethylated
nucleoside analogue and plays a major part in the
demethylation process by suppressing the expression and
activation of low concentrations of DNMTs.?® Masumeh
et al have reported that 5-Aza-CdR can up-regulate the
expression of p21, p27 and p57 genes, thereby enhancing
the apoptosis and cell growth inhibition of colon cancer
cells."* Liu et al have found that 5-Aza-CdR can inhibit
the growth and proliferation of HXO-RB44 retinoblastoma
cells.”” Nikbakht et al have found that 5-Aza-CdR can
induce death and apoptosis of human pancreatic cancer
cell lines by activating RASSF1A and up-regulating Bax
gene.”® And, 5-Aza-CdR has been studied in oral squa-
mous cell carcinoma, bladder cancer, pancreatic cancer,
lung adenocarcinoma, endometrial cancer.”® ** In this
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Figure 4 5-Aza-CdR can enhance apoptosis in colon cancer cells.
Notes: (A) Flow cytometry results of HCT 116 cells; (B) flow cytometry experimental chart of HCT116 cells; (C) flow cytometry results of SW480 cells; (D) flow cytometry
experimental chart of SW480 cells; (E) flow cytometry results of SW620 cells; (F) flow cytometry experimental chart of SW620 cells; *p<0.01, **p<0.001 (n=6).

study, we tested the mRNA levels of DNMT1 in three
colon cancer cells by immunofluorescence and qRT-PCR.
The results indicated that DNMT1 was highly expressed in
the three colon cancer cells. But the colon cancer cell
DNMTI1 treated with 5-Aza-CdR showed a significant
decrease in translational level and transcriptional level. In
addition, 5-Aza-CdR is also used in different cancers.
RASSF1A is an important tumor-suppressor genes in
cells. RASSF1A-mediated protein expression mainly

works on the cell signal transduction pathway associated
with Ras protein, inducing cell apoptosis and blocking the
synthesis of endogenous cyclin which affects proliferation.
In the study of metastatic colon cancer, Romano et al have
found that RASSF1A protein is at low expression level in
all stages of colon cancer development, and the related
proteins Ras, Rafl, ERK and MEK in Ras signaling path-
way are highly expressed at the transcriptional level.** In
the meantime, RASSF1A protein level was also markedly
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Notes: (A) Immunofluorescence experiment results of HCTI16 cells; (B) immunofluorescence experiment results of SW480 cells; (C) immunofluorescence experiment
results of SW620 cells (400X, scale bar=25 pm) (n=6).
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Figure 6 Effects of 5-Aza-CdR on the transcriptional levels of colon cancer cells, DNMT I, RASSFIA, ERK, MEK, Grb2, Rafl and RAS.

Notes: (A) Experimental results of DNMTI transcription levels in each group of cells; (B) experimental results of ERK transcription levels in each group of cells; (C)
experimental results of MEK transcription level in each group of cells; (D) experimental results of GRb2 transcription levels in each group of cells; (E) experimental results
of RASSFIA transcription levels in each group of cell; (F) experimental results of Rafl transcription levels in each group of cells; (G) experimental results of RAS

transcription levels in each group of cells; **p<0.001 (n=6).
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decreased after VEGF stimulated normal cells.*® In addi-
tion, Lorenzatoet al have found significantly lower expres-
sion of RASSFIA in other colon cancer tissues. In this
experiment, we observed by immunofluorescence and
gRT-PCR that compared with the protein level of colon
cancer cell RASSF1A, the colon cancer cell RASSFI1A
treated with 5-Aza-CdR indicated an obvious increase in
transcriptional level and translational level. Similarly, the
mRNA levels of ERK-Ras signaling pathway-related pro-
teins Ras, Rafl, ERK and MEK in colon cancer cells
treated with 5-Aza-CdR were significantly decreased.
MTT results found that 5-Aza-CdR markedly inhibited
the proliferation of colon cancer cells, and flow cytometry
experiments also demonstrated that 5-Aza-CdR signifi-
cantly promoted apoptosis in colon cancer cells. In addi-
tion, both Transwell and scratch experiments indicated that
5-Aza-CdR obviously reduced the ability of invasion and
migration of colon cancer cells.

In conclusion, 5-Aza-CdR can increase the protein and
mRNA level of PASSF1A by suppressing the expression
of DNMT, and finally, trigger apoptosis of colon cancer
cells by affecting the ERK-Ras signaling pathway. These
results provide new insights into the clinical therapy of
colon cancer, and understanding the epigenetic demethyla-
tion pathway is an important mechanism of action.
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