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Background and objective: Metastasis is the major cause of cancer-related deaths in patients 

with colon cancer, however, the exact molecular mechanism is unclear. MicroRNAs (miRNAs) 

play an important role in the pathogenesis and progression of cancer. Therefore, in this study, we 

aimed to identify differentially expressed miRNAs in two colon carcinoma cell lines: SW480, 

derived from primary colon carcinoma and SW620, derived from lymph node metastasis, which 

were obtained from the same patient.

Materials and methods: Three independent samples of cancer cells were collected from 

SW480 and SW620 cells, respectively. An miRNA microarray platform, miRCURY LNA™ 

microRNA array with 1,223 probes containing 3,000 capture probes, was used to determine 

the miRNA expression profiles of these two cell lines. Differentially expressed miRNAs were 

validated by quantitative reverse transcription-polymerase chain reaction (qRT-PCR).

Results: The raw data were submitted to the Gene Expression Omnibus database (GSE72412). 

Thirteen miRNAs were differentially expressed between SW480 and SW620 cells, of which, 

seven miRNAs (hsa-miR-920, hsa-miR-636, hsa-miR-766-3p, hsa-miR-545-5p, hsa-miR-

195-3p, hsa-miR-125a-3p, and hsa-miR-196b-3p) were found to be upregulated and six miRNAs 

(hsa-miR-3613-3p, hsa-miR-29b-3p, hsa-miR-1297, hsa-miR-141-5p, hsa-miR-200c-3p, and 

hsa-miR-141-3p) were found to be downregulated. Target analysis of the predicted miRNAs 

showed that these genes were primarily involved in protein binding, cell adhesion, and cancer 

metastasis. Furthermore, qRT-PCR validated the results of miRNA microarray.

Conclusion: This is the first systematic analysis of the differences of miRNAs between SW480 

and SW620 cells. The results provide useful information to explore potential biomarkers of 

miRNAs for predicting colon cancer metastasis.
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Introduction
Colon cancer is one of the most common types of cancers and metastasis is the 

leading cause of death in patients with colon cancer.1 However, the molecular 

mechanism involved in the metastasis is not yet clear. Many studies demonstrate 

that microRNAs (miRNAs) play an important role in the pathogenesis and pro-

gression of cancer.2 miRNAs are small noncoding RNAs that suppress target gene 

expression at the posttranscriptional level by binding to the 3′-untranslated region 

of the target mRNA.3 Although miRNAs have been found to promote or suppress 

tumor metastasis, the exact role of miRNAs in colon cancer metastasis remains to 
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be uncovered. Functional studies indicate that miRNAs 

have important functions in tumor progression, especially 

recurrence, drug resistance, and metastasis.4 Majority of the 

researchers have provided strong evidence that miRNAs 

play an important role during tumorigenesis and tumor 

progression.5–8

With this background that the miRNAs are involved 

in tumor development and progression, in this study, we 

hypothesized that miRNAs also play a key role in colon 

cancer metastasis. The metastatic potential of SW620 cells, 

derived from lymph node metastasis, is known to be higher 

than that of SW480 cells, derived from primary colon cancer 

tissues of the same patient, which have been used as model 

cell lines for analyzing the metastatic ability.9,10 Therefore, 

we hypothesized that the genes expressed, such as miRNAs, 

which differ between SW480 and SW620 cells, could be 

related to tumor metastasis. Until now, there are no system-

atic reports with respect to the miRNA expression profile of 

the two recognized cell lines with distinct metastatic capacity. 

In this study, we profiled the miRNAs of the SW620 and 

SW480 colon cancer cell lines.

Materials and methods
cell culture
The human colon cancer cell lines SW480 and SW620 

were purchased from the American Tissue Culture Collec-

tion (Manassas, VA, USA) and were routinely maintained 

in RPMI-1640 medium (HyClone, Logan, UT, USA) 

supplemented with 10% fetal bovine serum (Thermo Fisher 

Scientific, Waltham, MA, USA), 100 U/mL penicillin sodium 

and 100 mg/mL streptomycin sulfate at 37°C in a humidi-

fied air atmosphere containing 5% CO
2
. Cells were used in 

logarithmic growth phase.

rna extraction
Total RNA was isolated using TRIzol (Thermo Fisher 

Scientific) and purified with RNeasy mini kit (Qiagen) 

according to manufacturer’s instructions. RNA quality and 

quantity were measured by using NanoDrop spectrophotom-

eter (ND-1000; NanoDrop Technologies, Thermo Fisher 

Scientific, Waltham, MA, USA) and RNA integrity was 

determined by gel electrophoresis.

labeling of mirna and array 
hybridization
RNA labeling and array hybridization were performed 

according to Exiqon’s manual. First, after quality control, 

the miRCURY LNA™ Hy3™/Hy5™ Power labeling kit 

(Exiqon, Vedbaek, Denmark) was used according to the 

manufacturer’s guideline for miRNA labeling by following 

steps: 1) 1 µL RNA in 2.0 µL of water was combined with 

1.0 µL of calf intestinal alkaline phosphatase (CIAP) buffer 

and CIAP (Exiqon). The mixture was incubated for 30 min at 

37°C; 2) the reaction was terminated by incubation for 5 min 

at 95°C. Then, 3.0 µL of labeling buffer, 1.5 µL of fluorescent 

label (Hy3™), 2.0 µL of dimethyl sulfoxide, and 2.0 µL of 

labeling enzyme were added into the mixture. The labeling 

reaction was incubated for 1 h at 16°C; and 3) the labeling 

reaction was terminated by incubation for 15 min at 65°C. 

Then, the Hy3™-labeled samples were hybridized on the 

miRCURY LNA™ microRNA Array (v.18.0) (Exiqon) 

according to the array manual steps as follows: 1) the total 

25 µL mixture from Hy3™-labeled samples with 25 µL 

hybridization buffer was first denatured for 2 min at 95°C 

and then incubated on ice for 2 min; 2) then, hybridized on 

the microarray for 16–20 h at 56°C in a 12-Bay Hybridiza-

tion Systems (Hybridization System – Nimblegen Systems, 

Inc., Madison, WI, USA); and 3) following hybridization, 

the slides were prepared and washed several times using 

wash buffer kit (Exiqon). Eventually, the slides were scanned 

using the Axon GenePix 4000B microarray scanner (Axon 

Instruments, Foster City, CA, USA).

Data analysis
The raw data were submitted to the Gene Expression Omni-

bus database (GSE72412) (http://www.ncbi.nlm.nih.gov/

geo/). The scanned images were then imported into GenePix 

Pro 6.0 software (Axon Instruments) for grid alignment and 

data extraction. The replicated miRNAs were averaged and 

those with intensities $30 in all samples were chosen to 

calculate the normalization factor. The data expressed were 

normalized using the median normalization. After normaliza-

tion, significant differentially expressed miRNAs between the 

two groups were identified using fold change and p-value. 

Differentially expressed miRNAs between the two samples 

were filtered through fold change. Finally, hierarchical 

clustering was performed to show distinguishable miRNA 

expression profiling among samples.

Quantitative reverse transcription-
polymerase chain reaction (qrT-Pcr)
Cells of  human colon cancer cell lines SW480 and SW620 

in the logarithmic growth period were collected. Following 

the isolation of total RNA, cDNA were synthesized using 

a miDETECT A Track™ miRNA qRT-PCR Starter kit 

(RIOBIO Biotechnology Co., Ltd., Guangzhou, People’s 
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Republic of China). All the miRNAs’ primers (miDETECT 

A Track™ miRNA qPCR Primer Set), including hsa-miR-

920, hsa-miR-636, hsa-miR-766-3p, hsa-miR-545-5p, 

hsa-miR-195-3p, hsa-miR-125a-3p, hsa-miR-196b-3p, 

hsa-miR-3613-3p, hsa-miR-29b-3p, hsa-miR-1297, hsa-

miR-141-5p, hsa-miR-200c-3p, and hsa-miR-141-3p, and 

control primer (miDETECT A Track™ U6 qPCR Primer 

Set) were also purchased. We performed qRT-PCR on 

an ABI 7500 real-time PCR system (Thermo Fisher 

Scientific) according to the manufacturer’s protocol by 

miDETECT A Track™ miRNA qRT-PCR Kit (RIOBIO 

Biotechnology Co., Ltd.). Dissociation curve analysis 

was used to verify the generation of a single product. 

U6 was used as a reference gene, and all reactions were 

repeated three times. Data were analyzed using the ABI 

7500 Prism sequence detection software (Thermo Fisher 

Scientific) and the relative expression was calculated using 

the 2-ΔΔCq method.

statistical analysis
Statistical analysis was performed using SPSS statistical 

software (version 17.0; SPSS, Inc., Chicago, IL, USA). The 

significant difference between the two groups was analyzed 

by one-way analysis of variance using paired t-test. Data are 

expressed as mean±standard deviation. A p-value ,0.05 was 

considered as a significant difference.

Results
miRNA expression profiles between 
sW620 and sW480 cells
To identify the difference in miRNA expression between 

SW620 and SW480 cells, we used the miRNA microarray 

platform, miRCURY LNA™ microRNA Array with 

1,223 probes containing 3,000 capture probes, and screened 

differentially expressed miRNAs. First, three independent 

cell samples were collected from SW480 and SW620 cells, 

respectively. Total RNA were extracted from the total 

six samples (SW480-1, SW480-2, SW480-3, SW620-1, 

SW620-2, and SW620-3). For spectrophotometer, the ratio 

of optical density (OD) (A260/A280) should be close to 2.0 

for pure RNA (ratios between 1.8 and 2.1 are acceptable). 

The OD A260/A230 ratio should be more than 1.8. We vali-

dated the RNA quantification and assure the quality of RNA 

(Figure 1). Furthermore, we obtained a good quality control 

chip distribution after chip hybridization: 1) The probe dis-

tribution of each chip between six total RNAs of samples is 

not consistent before standardization, and the median of each 

chip is at the same level and the distribution of the probe is 

Figure 1 rna quality control in total six cell samples. (A) RNA quantification and quality assurance by NanoDrop ND-1000. (B) rna integrity and gDna contamination 
test by denaturing agarose gel electrophoresis. lanes 1, 2, 3, 4, 5, and 6: total rna of samples sW480-1, sW480-2, sW480-3, sW620-1, sW620-2, and sW620-3.
Abbreviation: OD, optical density.
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Figure 2 The distribution of the probe on the chip between six total rnas of samples sW480-1, sW480-2, sW480-3, sW620-1, sW620-2, and sW620-3. The box plot 
reflects the distribution of the probe on the chip, which can be used to compare the effect of the probe before and after the standardization. The probe distribution 
of each chip is not consistent before standardization, and the median of each chip is at the same level and the distribution of the probe is close after the middle value 
standardization.

Figure 3 The distribution of the probe on the chip (scatter plot) between six total rnas of samples sW480-1, sW480-2, sW480-3, sW620-1, sW620-2, and sW620-3. 
The scatter plot reflects the repeatability between the chips or the groups. The better the repeatability is, the closer the diagonal line is.
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Table 1 Pearson correlation coefficient to measure repeatability 
between six total rnas of samples sW480-1, sW480-2, 
sW480-3, sW620-1, sW620-2, and sW620-3

Correlation coefficient matrix

sW480-1 sW480-2 sW480-3
sW480-1 1 0.9764724 0.9510951
sW480-2 0.9764724 1 0.974108
sW480-3 0.9510951 0.974108 1

sW620-1 sW620-2 sW620-3
sW620-1 1 0.933746 0.8112635
sW620-2 0.933746 1 0.8383431
sW620-3 0.8112635 0.8383431 1

sW480 sW620
sW480 1 0.9546237
sW620 0.9546237 1

Notes: The closer to 1 the correlation coefficient is, the better the repeatability is.

close after the middle value standardization (Figure 2 ); 2) The 

scatter plot reflects the repeatability between the chips or the 

groups. The better the repeatability is, the closer the diagonal 

line is (Figure 3); 3) The closer to 1 the correlation coefficient 

is, the better the repeatability is (Table 1). Eventually, we 

found that 13 differentially expressed miRNAs (including 

seven upregulated [hsa-miR-920, hsa-miR-636, hsa-miR-

766-3p, hsa-miR-545-5p, hsa-miR-195-3p, hsa-miR-125a-3p, 

Figure 4 Significantly differentially expressed miRNAs in SW620 cells compared with SW480 cells. (A) Volcano plot: 13 red points represent the 13 significantly differentially 
expressed mirnas according to fold change .1.5 and p,0.05. (B) Heatmap and hierarchical clustering of 13 significantly differentially expressed miRNAs.
Abbreviation: mirna, microrna.

and hsa-miR-196b-3p] and six downregulated known miR-

NAs [hsa-miR-3613-3p, hsa-miR-29b-3p, hsa-miR-1297, 

hsa-miR-141-5p, hsa-miR-200c-3p, and hsa-miR-141-3p], 

respectively) in the SW620 cells in contrast to the SW480 

cells. Figure 4 and Table 2 summarize the 13 miRNAs that 

show the significant differences.

Validation of differentially expressed 
mirnas
miRNA-specific qRT-PCR was performed to validate 

the differentially expressed miRNAs. The expression 

levels of hsa-miR-920, hsa-miR-636, hsa-miR-766-3p, 

hsa-miR-545-5p, hsa-miR-195-3p, hsa-miR-125a-3p, and 

hsa-miR-196b-3p were found to be significantly upregulated 

in SW620 (Figure 5A), whereas those of hsa-miR-3613-3p, 

hsa-miR-29b-3p, hsa-miR-1297, hsa-miR-141-5p, hsa-miR-

200c-3p, and hsa-miR-141-3p were found to be downregu-

lated (Figure 5B). These results agree with the results of the 

miRNA microarray analysis.

analysis of the predicted target genes of 
differentially expressed mirnas
To investigate the potential function of predicted target genes, 

we analyzed the differentially expressed miRNAs by searching 

previously published studies regarding the particular genes’ 
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Table 2 The list of differentially expressed mirnas between 
sW620 cells and sW480 cells

miRNAs Fold change Type of regulation p-value

hsa-mir-920 1.930594 Up 0.039586
hsa-mir-636 1.53241 Up 0.027953
hsa-mir-766-3p 1.939967 Up 0.014147
hsa-mir-545-5p 1.587454 Up 0.025508
hsa-mir-195-3p 1.62515 Up 0.037874
hsa-mir-125a-3p 1.605793 Up 0.004376
hsa-mir-196b-3p 1.686959 Up 0.006909
hsa-mir-3613-3p 1.663110 Down 0.039586
hsa-mir-29b-3p 2.066123 Down 0.001667
hsa-mir-1297 1.550251 Down 0.022966
hsa-mir-141-5p 1.796777 Down 0.030168
hsa-mir-200c-3p 1.695634 Down 0.047333
hsa-mir-141-3p 2.133825 Down 0.010694

Notes: p,0.05, fold change .1.5.
Abbreviation: mirna, microrna.

Figure 5 Validation of mirna microarray results by qrT-Pcr. (A) seven upregulated mirnas in sW620 cells compared with sW480 cells. (B) six downregulated mirnas 
in sW620 cells in contrast to sW480 cells. U6 was used as a normalization control. Data represent the mean±standard deviation of three biological replicates. *p,0.05.
Abbreviations: mirna, microrna; qrT-Pcr, quantitative reverse transcription-polymerase chain reaction.

functions. We could predict tumor-associated gene targets of 

the significantly differentially expressed 13 miRNAs. Analysis 

of predicted miRNAs’ targets showed that these genes were 

primarily involved in protein binding, cell adhesion, and 

cancer metastasis. Tables 3 and 4 summarize the results.

Discussion
In this study, we used SW480 and SW620 cell lines that have 

different metastatic capabilities (Table 5) and we hypothesized 

that miRNAs that differ between SW480 and SW620 cells 

could be related to the formation of cancer metastasis. There-

fore, we investigated the miRNA expression profiling between 

SW480 and SW620 cells using an miRCURY LNA™ miRNA 

array platform and identified some differentially expressed 

miRNAs between them. According to our results, seven 

miRNAs were found to be upregulated and six were found 

to be downregulated in SW620 cells in contrast to SW480 

cells, whose functions are known to be closely associated with 

tumor metastasis. Thirteen differentially expressed miRNAs 

(including seven upregulated [hsa-miR-920, hsa-miR-636, 

hsa-miR-766-3p, hsa-miR-545-5p, hsa-miR-195-3p, hsa-miR-

125a-3p, and hsa-miR-196b-3p] and six downregulated known 

miRNAs [hsa-miR-3613-3p, hsa-miR-29b-3p, hsa-miR-1297, 

hsa-miR-141-5p, hsa-miR-200c-3p, and hsa-miR-141-3p], 

respectively) were identified and qRT-PCR was performed 

to validate the array results. Furthermore, we analyzed our 

results on the miRNAs with target genes and found that many 

target genes are related to tumor progression and metastasis 

in previously published peer-reviewed literature.

Chen et al found that the risk allele for rs16405 dis-

rupted a binding site for human miR-920 which would 

negatively regulate beta-transducin repeat-containing protein 

(betaTrCP) and proposed an miR-920-mediated betaTrCP 

regulation model depending on rs16405 genotype, which 

may influence the risk of hepatocellular carcinoma (HCC). 

The molecular mechanism was, at least in part, found to 

be hsa-miR-920-mediated regulation, which is possibly 

involved in the pathogenesis of HCC.11 Jang et al revealed 

that miR-636 might function as a tumor suppressor miRNA 

affecting HCC tumorigenesis via downregulation of Ras, and 

that ANT2 suppression by shRNA could exert an anticancer 

effect by restoring the expression of miR-636 in HCC.12 Some 

studies demonstrate that targeting DNMT3B by miR-766 

and other miRNAs, decreased methylation of tumor sup-

pressor genes, such as SFRP1, SFRP2, WIF1, and DKK2, 

and returned the expression of these tumor suppressor genes 
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Table 3 Putative target genes of the seven upregulated mirnas

miRNAs Target gene Molecular function

hsa-mir-920 betaTrcP involved in cancer pathogenesis
hsa-mir-636 ras, anT2 Tumorigenesis
hsa-mir-766-3p sF2, DnMT3B, sirT6 cancer progression
hsa-mir-545-5p rig-i, cyclin D1a, cDK4 cell proliferation, invasion
hsa-mir-195-3p PVT1, notch, FgF-18, sMaD7, Tlr2,  

YaP1, gaBaraPl1
cell proliferation, migration, and invasion and apoptosis, angiogenesis  
and autophagy, cell colony formation abilities, remodeling of the  
extracellular matrix, and inflammatory pathway mediators

hsa-mir-125a-3p ThP-1, nF1, Bcl-2, foxp3, e2F2, erralpha cell differentiation and apoptosis and cancer progression
hsa-mir-196b-3p p65, Meis2, and PPP3cc Tumor development and drug resistance

Abbreviation: mirna, microrna.

Table 4 Putative target genes of the six downregulated mirnas

miRNAs Target gene Molecular function

hsa-mir-3613-3p McPiP1, cTl1, slc44a1 cell proliferation
hsa-mir-29b-3p sirT1, Mcl-1, DnMT3B, cDc42, 

TeT1, akt3, VegF, c-Myc
regulates oxidative stress, cell transformation, eMT, metastasis, 
cell migration and invasion, and angiogenesis/tumorigenesis

hsa-mir-1297 hMga2, eZh2, cox-2, TriB2, 
c/eBPalpha, PTen

associated with metastasis of cancer, cell proliferation, 
invasion, and apoptosis

hsa-mir-141-5p FUs, eWs, BMi1, hOTair Tumor growth and metastasis, cell proliferation and migration
hsa-mir-200c-3p c-Myc, Msn, MaD2l1, KiM-1, 

BMi1, ZeB1-as1, lUcaT1, Foxf2
cellular proliferation, migration, and invasiveness, regulates 
cancer progression, eMT, and drug resistance

hsa-mir-141-3p sKa2, gaB1, ZeB2, hgFr Tumor growth and metastasis

Abbreviations: mirna, microrna; eMT, epithelial–mesenchymal transition.

Table 5 information about sW620 and sW480 cell line from american Tissue culture collection (aTcc)

SW620 SW480

aTcc number ccl-227™ ccl-228™
link address http://www.atcc.org/Products/all/ccl-227.aspx http://www.atcc.org/Products/all/ccl-227.aspx
Organism Homo sapiens, human Homo sapiens, human
Tissue colon; derived from metastatic site: lymph node colon
Morphology epithelial epithelial
culture properties adherent adherent
Disease Dukes’ type c, colorectal adenocarcinoma Dukes’ type B, colorectal adenocarcinoma
age 51 years 50 years
gender Male, caucasian Male, caucasian
Tumorigenic Yes Yes
effects Tumors developed within 21 days at 100% frequency (5/5)  

in nude mice inoculated subcutaneously with 10 (7) cells
Tumors developed within 21 days at 100% frequency (5/5)  
in nude mice inoculated subcutaneously with 10 (7) cells

applications This cell line is a suitable transfection host This cell line is a suitable transfection host

which can contribute to lethal effect on colon cancer cells 

and reducing tumorigenicity of these cells.13 In addition, 

miR-766-3p can promote cell proliferation by targeting the 

expression of SF2 in renal cell carcinoma (RCC), which is 

significantly associated with poor survival in a large cohort 

of RCC specimens.14 miR-545 is found to be involved in 

tumor proliferation and progression and is associated with 

overall survival and progression-free survival in patients 

with cancer.15–17 Furthermore, miR-195 is associated with the 

progression of fibrosis and remodeling of the extracellular 

matrix, which can regulate cell proliferation, migration, 

angiogenesis, and autophagy.18–20 In addition, miR-125a may 

represent a novel therapeutic target for the treatment of osteo-

sarcoma and some findings have suggested that the detected 

miR-125a-5p levels in plasma could be used as a potential 

biomarker in early Kawasaki disease diagnosis.21,22 The acti-

vation of miR-125a confers resistance to BRAF(V)(600E) 

melanoma cells to BRAF inhibitors.23 Furthermore, miR-

196b significantly contributes to leukemia development,24 

and miR-29b could inhibit glioma cell migration and invasion 
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and inhibit breast cancer cell angiogenesis.25,26 miR-1297 

inhibits the growth and metastasis of colorectal cancer.27 

miR-141 functions as a tumor suppressor in colorectal cancer 

SW480 cells,28 and miR-200c regulates cancer progression, 

epithelial–mesenchymal transition, and drug resistance.29,30

Conclusion
In conclusion, we used miRNA microarray technology to 

analyze the different miRNA expression profiling between 

SW620 and SW480 cells and found that 13 miRNAs were 

significantly deregulated. The expression levels of miRNAs 

were validated by qRT-PCR, and the results were found 

to be consistent with the results detected by microarray 

analysis. Target gene predictions indicated that differentially 

expressed miRNAs play an important role in the metastasis 

of colon cancer. However, further study on these miRNAs 

and their functions in the tumorigenesis of colon cancer is 

necessary.
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