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miR-219a-1 inhibits colon cancer cells proliferation and invasion by targeting MEMO1
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ABSTRACT
Colon cancer is the third most common cancer worldwide. Many miRNAs have been reported to be 
involved in colon cancer progression. However, there are only a few studies on the role of miR-219a-1 in 
colon cancer, and the molecular mechanisms involved remain unclear. The aim of this study was to 
investigate the miR-219a-1 level in patients with colon cancer and to explore both the effects and 
regulatory mechanisms of miR-219a-1 in the malignancy of colon cancer cells. Real-time PCR and western 
blot analysis were used to analyze the expression levels of miR-219a-1 and mediator of ErbB2-driven cell 
motility 1. Cell Counting Kit-8, transwell and wound-healing assays were performed to investigate the 
malignant ability of colon cancer cells. A luciferase assay was performed to explore whether miR-219a-1 
could directly bind to 3ʹ-UTR region of MEMO1. miR-219a-1 was found to be downregulated in colon 
cancer cell lines and in patients with colon cancer. Additionally, miR-219a-1 could inhibit colon cancer cell 
proliferation, invasion and migration. We identified MEMO1 as a novel potential target gene of miR-219a- 
1. Luciferase assays showed that miR-219a-1 could directly bind to 3′-UTR of MEMO1. Overexpression of 
miR-219a-1 in colon cancer cells could inhibit the expression of MEMO1. Furthermore, MEMO1 was 
upregulated in patients with colon cancer, which was inversely correlated with miR-219a-1 levels. In 
conclusion, our study revealed that miR-219a-1 exerts anti-tumor effects and regulates colon cancer cell 
proliferation, invasion and migration by targeting MEMO1, suggesting that miR-219a-1 could act as 
a therapeutic target in colon cancer.
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Introduction

Colon cancer is the third most common cancer worldwide 
and is one of the leading causes of cancer-related death.1 

Studies have revealed that the pathogenesis of colon cancer 
is a multi-step process that includes changes of cancer- 
related genes or molecules .2,3 Although several genes, pro-
teins, and molecules have been identified, research on new 
molecular biomarkers (including microRNAs) of colon can-
cer remains a major focus.

MicroRNAs (miRNAs) are a class of small (approximately 
22 nucleotides), non-coding, single-strand RNA molecules that 
play an important regulatory role at the post-transcriptional 
level .4,5 Emerging evidence has shown that miRNAs have 
different expression patterns in malignant tumors compared 
with those in normal tissues or cells .6,7 The altered miRNA 
expression has been shown to be related to tumorigenesis or 
cancer progression .8,9 miR-219a-1, which is located on chro-
mosome 6-NC_000006.12 ,10 is recently found to be involved 
in the progression of various cancers, including malignant 
melanoma ,11 osteosarcoma ,12 hepatocellular carcinoma ,13 

papillary thyroid carcinoma ,14 and breast cancer .10 It has 
been reported that miR-219a-1 can inhibit the growth or 
migration of several cancer cells by targeting different genes 
in different cancer cells .15–17

Mediator of ErbB2-driven cell motility 1 (MEMO1) is a 297 
amino acid protein that plays a regulatory role in epithelial- 
mesenchymal transition in mammary epithelial cells .18 

MEMO1 interacts with ErbB2 and controls ErbB2-regulated 
microtubule dynamics .19 However, whether MEMO1 can be 
regulated by miRNA in cancer cells especially in colon cancer, 
is unknown.

In China, colon cancer has caused an increasing number of 
deaths in recent years. Although Xiong et al. discovered 
miRNA-219-5p functions as a tumor suppressor in colorectal 
cancer ,20 the functions of miR-219a-1-3p and the underlying 
molecular mechanisms in colon cancer are not fully under-
stood. In the present study, we investigated the expression level 
of miR-219a-1 in patients with colon cancer and in healthy 
individuals, and found that miR-219a-1 was significantly 
downregulated in the peripheral blood of patients with colon 
cancer. We further explored the function and molecular reg-
ulatory mechanism of miR-219a-1 in colon cancer cells. A dual 
luciferase reporter assay showed that MEMO1 is a direct target 
of miR-219a-1. Moreover, miR-219a-1 overexpression signifi-
cantly inhibit colon cancer cell proliferation, invasion and 
migration. In conclusion, this study provides new insights 
into the relationship between miR-219a-1 and MEMO1 in the 
development and progression of colon cancer.
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Materials and methods

Human blood samples

The use of human peripheral blood samples from patients with 
colon cancer in this study was approved by the ethics commit-
tee of Shanghai Tenth People’s Hospital (2019-K-45). The 
peripheral blood samples of healthy people were collected 
and approved by the ethics committee of Nanjing Red Cross 
Blood Center (2011–01). The blood samples used for total 
RNA extraction and real-time PCR were samples remaining 
after clinical use. All volunteers (17 patients with colon cancer 
and 20 healthy individuals) signed an informed consent state-
ment to approve the use of their sample.

Cell culture and transfection

The human colon cancer cell lines SW480 and SW620, and the 
human normal colon cell line FHC were purchased from the 
American Type Culture Collection (ATCC, Manassas, VA, 
USA) and cultured in Dulbecco’s modified Eagle’s medium 
(Gibco, Thermo Fisher Scientific, Inc., Waltham, MA, USA) 
supplemented with 10% fetal bovine serum (FBS; Gibco, 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) and 1% 
penicillin/streptomycin at 37 °C and 5% CO2.

miR-219a-1-3p mimics (miR10004567-1-5, target 
sequences: 5ʹ-GAGUUGAGUCUGGACGUCCCG-3ʹ) and 
negative control miRNA mimics (miR1N0000001-1-5), and 
miR-219a-5p inhibitors (miR20004567-1-5) and negative con-
trol miRNA inhibitor (miR2N0000001-1-5) were purchased 
from RiboBio (Guangzhou, China). miR-219a-1-3p mimics 
and inhibitors were transfected into cells using Lipofectamine 
2000 (Invitrogen, Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) according to the manufacturer’s instructions.

Plasmids construction and cell transfection

The human MEMO1 3ʹuntranslated region (UTR) (containing 
the miR-219a-1 binding sequence 5ʹ-TCAACTCA-3ʹ) and 
a mutant 3ʹUTR (containing the mutated miR-219a-1 binding 
site 5ʹ-ACTCAACT-3ʹ) were synthesized and inserted into the 
pGL3-promoter luciferase reporter vector (Promega, Madison, 
WI, USA) by Generay Biotech (Shanghai, China) to produce 
pMEMO1-WT and pMEMO1-MUT constructs, respectively. 
The plasmids were confirmed by DNA sequencing.

The day before transfection, colon cancer cells (SW480 and 
SW620) were seeded in 24-well plates. Within 24 h, cells were 
transfected with 4 µg of each luciferase plasmid, 10 ng pRL- 
SV40 (internal control to normalize transfection efficiency) 
and 100 nM miR-219a-1 mimics or miR-NC (negative control) 
using Lipofectamine 2000 (Invitrogen, Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) according to the manu-
facturer’s instructions. The cell medium was replaced 6 h after 
transfection.

Luciferase reporter assay

Forty-eight hours after transfection, luciferase activity was 
measured using the Dual-Luciferase Reporter Assay System 
(Promega, Madison, WI, USA) with a Synergy™ 4 (BioTek, 

Winooski, VA, USA) and expressed as the ratio of firefly 
luciferase to Renilla luciferase activity. All experiments were 
performed in triplicate.

RNA extraction and real-time PCR

Total RNA from blood samples or cultured cells was extracted 
using TRIzol reagent (Invitrogen, Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) and TaKaRa MiniBEST Universal RNA 
Extraction kit (Takara Biotechnology (Beijing) Co. Ltd., Beijing, 
China), and small RNA was extracted using miRNeasy Mini kit 
(QIAGEN, Richmond, VA, USA). All RNA was reverse- 
transcribed into cDNA with the PrimScript RT reagent Kit 
(Takara Biotechnology (Beijing) Co. Ltd., Beijing, China) 
according to the manufacturer’s instructions. The reverse tran-
scription primer of total RNA was oligo(dT). Real-time PCR was 
performed using Applied Biosystems StepOne™ System (Applied 
Biosystems, Foster City, USA). Amplification was performed 
according to the manufacturer’s instructions (Applied 
Biosystems, Foster City, USA). The gene expression values 
were normalized to glyceraldehyde-3-phosphate (GAPDH) or 
U6. miR-219a-1-3p and U6 primer sets (including RT primer, 
forward primer and reversed primer) were purchased from 
RiboBio (Guangzhou, China). MEMO1 and GAPDH primers 
sequences were as follows: MEMO1, forward: 5ʹ- 
GTCAAAGGTTCCGTTACAGTTAC-3ʹ; MEMO1, reversed: 
5ʹ-CCATTCTTCTGGAGCTCTGTG-3ʹ; GAPDH, forward: 5ʹ- 
GGGAGCCAAAAGGGTCAT-3ʹ; GAPDH, reversed: 5ʹ- 
GAGTCCTTCCACGATACCAA-3ʹ.

Cell proliferation assay

Colon cancer cell proliferation and proliferation were deter-
mined using the Cell Counting Kit-8 (CCK-8) (Beyotime, 
Shanghai, China). SW480 or SW620 cells transfected with 
miR-219a-1 mimics or inhibitors were seeded in 96-well plates 
at an initial density of 5 × 103 cells/well. After 1 h, 24 h, and 
48 h, the cell cultured medium was replaced by serum-free 
DMEM, then 10 μl of CCK-8 solution was added into each 
well, and the plates were incubated for 3 h at 37 °C. Finally, the 
absorbance of each well was measured at 450 nm using a micro-
plate reader and cell proliferation was measured. Experiments 
were performed in triplicate.

Transwell assay

The invasive ability of SW480 and SW620 cells transfected with 
miR-219a-1 mimics or inhibitors were evaluated using 
Matrigel-coated 8-μm pore polycarbonate membrane transwell 
chambers (Corning Co, Corning, NY, USA). SW480 and 
SW620 cells were transfected with miRNA mimics or inhibi-
tors. About 6 h after transfection, 5 × 104 cells were resus-
pended in 100 μL serum-free DMEM and placed into cell 
culture insert, and 500 μL DMEM with 10% FBS was added 
to the bottom chamber. Cells were incubated for 18 h, after 
which noninvasive cells on the top of the membrane were 
scraped off. Invasive cells were fixed with 4% paraformalde-
hyde and stained with 1% crystal violet. Cells were counted 
under an optical microscope in eight randomly selected fields.
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Wound-healing assay

SW480 or SW620 cells were seeded in 6-well plates overnight. 
The next day, cells were transfected with miR-219a-1 mimics 
or inhibitors. Eight hours after transfection, wounding was 
induced by scratching the cell monolayer with a 10 μl plastic 
pipette tip. Pictures were taken at 0 and 24 h using an optical 
microscope. The data was calculated by the distance. 
Experiments were performed in triplicate.

Western blot analysis

Colon cancer cells (SW480 and SW620) were harvested and the 
protein concentration was determined using a BCA protein 
assay kit (Beyotime, Shanghai, China). Equivalent quantities of 
protein were separated by SDS-PAGE and transferred to nitro-
cellulose membrane (Millipore, Billerica, MA, USA). After 
blocking in 5% nonfat milk, membranes were incubated with 
MEMO1 antibody (SAB2105059; Sigma-Aldrich, Germany) or 
GAPDH antibody (Beyotime, Shanghai, China). A peroxidase 
(HRP)-conjugated goat anti-mouse IgG or goat anti-rabbit IgG 
secondary antibodies (Zhongshan Biological, Beijing, China) 
was used, and the bands were detected using the ECL method 
(Millipore Corporation, Billerica, MA, USA).

Statistical analysis

Data are expressed as the mean ± standard deviation (SD). 
SPSS 17.0 software (SPSS, Chicago, IL, USA) was used to per-
form the statistical analysis. Statistically significant differences 
were performed using Student’s t-test or one-way ANOVA 
followed by SNK test. Pearson r was used to assess correlation 
analysis, and a P value < .05 was considered significant.

Results

Expression of miR-219a-1 in patients with colon cancer

To explore the role of miR-219a-1 in colon cancer, the expres-
sion of miR-219a-1 was detected in blood samples of patients 
with colon cancer (n = 17) and healthy controls (n = 20) using 
real-time PCR. Results showed that miR-219a-1 was signifi-
cantly downregulated in peripheral blood of patients with 

colon cancer (Figure 1a). The endogenous expression of miR- 
219a-1 was significantly decreased in colon cancer cells 
(SW480 and SW620) compared with that in FHC cells 
(Figure 1b). Therefore, we hypothesized that a decreased 
expression of miR-219a-1 is associated with the occurrence or 
development of colon cancer.

miR-219a-1 inhibits SW480 and SW620 cell proliferation, 
invasion and migration

To explore the function of miR-219a-1 in colon cell prolifera-
tion, a CCK-8 assay was performed in SW480 and SW620 cells 
transfected with miR-219a-1 mimics or inhibitor. The results 
demonstrated that miR-219a-1 mimics inhibited SW480 and 
SW620 cell proliferation at 24 h and 48 h. In contrast, the miR- 
219a-1 inhibitor accelerated SW480 and SW620 cell prolifera-
tion at 24 h and 48 h(Figure 2a and b). Furthermore, we 
performed a transwell assay and wound-healing assay to inves-
tigate the role of miR-219a-1 in invasion and migration of 
colon cancer cells. Twenty-four hours after transfection with 
miR-219a-1 mimics, the numbers of SW480 and SW620 cells 
that invaded the lower side of the cell insert membrane were 
significantly decreased compared to those transfected with 
miR-NC cells (51.4 ± 8.2 vs. 33.5 ± 4.1 cells/field; 49.4 ± 7.7 
vs. 35.6 ± 6.3 cells/field, respectively; Figure 2c and d). The 
wound-healing assay also revealed that cell mobility was sig-
nificantly reduced in colon cancer cells transfected with miR- 
219a-1 mimics at 24 h (Figure 2e). When SW480 and SW620 
transfected with miR-219a-1 inhibitor, an increased number of 
invasive cells was observed and the number of cells was 
counted under an optical microscope (Figure 2c and d). 
These data revealed miR-219a-1 could inhibit colon cancer 
cell proliferation, invasion and migration.

MEMO1 is the direct target of miR-219a-1 in colon cancer 
cells

To further investigate the direct target gene of miR-219a-1, 
bioinformatics analysis using the TargetScan (http://www.tar 
getscan.org/) database was used to predict the potential target 
gene of miR-219a-1. Based on this database, the MEMO1 
3ʹUTR contains the miR-219a-1 binding site (Figure 3a). To 

Figure 1. Expression of miR-219a-1 in patients with colon cancer and cell lines. The level of miR-219a-1 was detected by qRT-PCR in patients with colon cancer and 
healthy individuals (a), and different cell lines (b), including normal colon cell line FHC, colon cancer cell line SW480 and SW620. P = .0423 versus healthy control, t-test; * 
P < .05 versus FHC, one-way ANOVA followed by SNK test.
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validate whether miR-219a-1 could bind to the MEMO1 
3ʹUTR, the DNA sequence of MEMO1 3ʹUTR, including the 
miR-219a-1 binding site, was cloned into a luciferase reporter 
plasmid (pGL3-promoter) named pMEMO1-WT. We also 

cloned the pMEMO1-MUT plasmid in which the miR-219a-1 
binding site was mutant (Figure 3a). After luciferase plasmid 
(pMEMO1-WT or pMEMO1-MUT) and miR-219a-1 mimics 
were co-transfected into colon cancer cells, miR-219a-1 was 

Figure 2. miR-219a-1 inhibits SW480 and SW620 cell proliferation, invasion and migration. (a) miR-219a-1 mimics inhibited SW480 and SW620 cell proliferation. (b) miR- 
219a-1 inhibitor induced SW480 and SW620 cell proliferation. (c) miR-219a-1 mimics or inhibitor was transfected into SW480 or SW620 cells, and then transwell assay 
was performed. Representative images of SW480 and SW620 cell invasive ability after cells transfection. (d) Cell invasiveness was quantified by counting cells that 
passed through the Matrigel membrane, using a light microscope (×200). (e) Wound-healing assays were performed after SW480 and SW620 cells transfected with miR- 
219a-1 mimics or inhibitor. * or # P < .05, ** or ## P < .01, *** or ### P < .001.
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shown to significantly decrease the luciferase activity of 
pMEMO1-WT in SW480 cells, while miR-219a-1 mimics had 
no effect on the luciferase activity of pMEMO1-MUT (Figure 
3b). This result indicated that miR-219a-1 can directly bind to 
the 3ʹUTR of MEMO1 gene in colon cancer cells.

miR-219a-1 inhibits MEMO1 expression in SW480 and 
SW620 cells

To confirm the regulatory role of miR-219a-1 in MEMO1 
expression, we transfected miR-219a-1 mimics or inhibitor 
into SW480 and SW620 cells. Forty-eight hours after transfec-
tion, qRT-PCR and western blotting assay were performed to 
analyze the mRNA and protein expression level of MEMO1. 
Results showed that MEMO1 mRNA and protein levels were 

significantly decreased in colon cancer cells transfected with 
miR-219a-1 mimics (Figure 4a and b), while the expression 
level of MEMO1 increased slightly in the cells transfected with 
miR-219a-1 inhibitor (Figure 4a and b). These data revealed 
that in colon cancer cells, miR-219a-1 can inhibit MEMO1 
expression.

MEMO1 expression was inversely correlated with 
miR-219a-1 in patients with colon cancer

As MEMO1 was found to be regulated by miR-219a-1 in colon 
cancer cells in our study, we further evaluated the expression 
level of MEMO1 in patients with colon cancer. qRT-PCR 
results demonstrated that MEMO1 mRNA expression in 17 
patients with colon cancer was significantly increased when 

Figure 3. MEMO1 is a potential target of miR-219a-1 (a) Human MEMO1 3ʹ-UTR fragment containing wide-type (WT) or mutated (MUT, indicated in red) miR-219a- 
1-binding sequence. (b) Luciferase reporter assays in SW480 cells, with cotransfection of pMEMO1-WT or pMEMO1-MUT and miR-219a-1 mimics or miR-NC as indicated. 
Luciferase activities were measured 48 h post-transfection. * P < .05, ** P < .01, *** P < .001.

Figure 4. miR-219a-1 inhibits MEMO1 expression in SW480 and SW620 cells. (a) MEMO1 mRNA level in SW480 and SW620 cells transfected with miR-219a-1 mimics or 
inhibitor was analyzed by qRT-PCR. (b) MEMO1 protein level in SW480 and SW620 cells transfected with miR-219a-1 mimics or inhibitor was analyzed by Western-blot. * 
P < .05, ** P < .01, *** P < .001.
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compared with that in 20 healthy individuals (P < .05; Figure 
5a). Pearson’s correlation indicated an inverse correlation 
between miR-219a-1 and MEMO1 mRNA expression (n = 17, 
r = −0.8575, P < .0001, Pearson’s correlation; Figure 5b) in 
patients with colon cancer.

Discussion

miR-219a-1 was recently reported to be involved in many 
solid tumors, such as papillary thyroid carcinoma, breast 
cancer, and osteosarcoma .10,12,21 miR-219a-1 may play an 
anti-tumor role in tumorigenesis.15,17,22 In this study, we 
examined the miR-219a-1 level in patients with colon 
cancer and investigated its role and molecular regulatory 
mechanism underlying tumorigenesis.

Here, we found that miR-219a-1 was downregulated in 
patients with colon cancer when compared with healthy indi-
viduals (Figure 1). We hypothesized that miR-219a-1 inhibits 
colon cancer cell proliferation, invasion, and migration. We 
employed miRNA mimics or miRNA inhibitors to overexpress 
or downregulate miR-219a-1 levels in SW480 and SW620 cells 
to investigate the biological function of miR-219a-1. Our 
results confirmed that miR-219a-1 overexpression significantly 
inhibited the proliferation of colon cancer cells (SW480 and 
SW620), in addition to their ability to invade and migrate 
(Figure 2). These malignant behaviors of colon cancer cells 
are closely associated with the progression of colon cancer. 
Although miR-219a-1 exhibits anti-tumor effects on colon 
cancer progression, its regulatory mechanism is still unclear.

Next, we explored the molecular mechanism of action 
of miR-219a-1 on the malignant behavior of colon cancer 
cells. By bioinformatics analysis, MEMO1 is predicted to 
be a potential direct target gene of miR-219a-1. It has 
been reported that MEMO1 is a novel HER2 effector23 

and can regulate microtubule dynamics, actin network 
and adhesion site formation by localization of RhoA and 
mDia1 .19,24 To investigate the relationship between miR- 
219a-1 and MEMO1, we used a dual luciferase assay to 
confirm that miR-219a-1 can directly bind to 3ʹ-UTR 
region of MEMO1 (Figure 3). After miR-219a-1 mimics 
or inhibitors transfection, both mRNA and protein expres-
sion levels of MEMO1 were downregulated or upregulated, 

which revealed that MEMO1 could be regulated by miR- 
219a-1 in colon cancer cells.

MEMO1 is related to epithelial-mesenchymal transition 
(EMT) in mammary epithelial cells and breast cancer .18,25 

It can regulate breast cancer cell invasion and migration .26 

Here, we detected the expression level of MEMO1 in 
patients with colon cancer and found it to be significantly 
upregulated in patients with colon cancer compared to that 
in healthy people. Increased MEMO1 expression in colon 
cancer cells may regulate malignant behavior of cancer 
cells. Finally, we analyzed the correlation between miR- 
219a-1 and MEMO1 expression and found that they 
appeared to be inversely correlated with each other. These 
data indicated that miR-219a-1 could regulate MEMO1 
expression by directly binding to its 3ʹUTR in colon cancer 
cells. In addition to our findings, MEMO1 was also found 
to be involved in the migration of colorectal cancer recently 
.27 V Bogoevska illustrated that MEMO1 connected extra-
cellular signals from membrane to the cytoskeletal actin 
network, and was an important downstream regulator of 
HER2-driven colorectal cancer cell migration and invasion. 
In our research, we discovered the potential connection 
between miR-219a-1 and MEMO1. Given that MEMO1 is 
involved in the EMT process of breast cancer, we hypothe-
sized that miR-219a-1 modulated MEMO1 expression is 
also involved in the EMT process of colon cancer. 
However, this study needs to be validated by further 
research.

In this study, we found that the expression of miR-219a-1 in 
peripheral blood of patients with colon cancer was decreased and 
preliminarily confirmed that its low expression was associated 
with the proliferation and invasion of colon cancer cells. 
However, there are some limitations in our research. First, the 
sample size of our study is small. Based on our findings here, we 
will expand colon cancer blood samples to further explore the 
underlying molecular mechanisms. In addition, tumor tissue 
samples were not involved in this study. The expression of 
MEMO1 protein and miR-219a-1 in patients’ tumor tissues and 
controls require further investigation. Although this study did not 
investigate the correlation of miR-219a-1 and MEMO1 in tumor 
tissues, our findings in peripheral blood can be exploited for the 
development of novel diagnostic markers.

Figure 5. MEMO1 expression was inversely correlated with miR-219a-1 in patients with colon cancer. (a) MEMO1 mRNA expression in patients with colon cancer (n = 17) 
and healthy individuals (n = 20) was detected by qRT-PCR. (b) A negative correlation was found between mRNA expression of MEMO1 and miR-219a-1 in patients with 
colon cancer (r = −0.8575; P < .0001, Pearson’s correlation).
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In this study, we used human blood samples from patients 
with colon cancer and healthy people to analyze the levels of 
miR-219a-1 and MEMO1 and revealed the anti-tumor activity 
of miR-219a-1 in colon cancer cells. We also identified a new 
target gene of miR-219a-1, MEMO1, and confirmed the role of 
miR-219a-1 in colon cancer cell proliferation, invasion and 
migration. Our results suggest that miR-219a-1 might be 
a therapeutic target in colon cancer.
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