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Abstract. Transmembrane-4-L6 family 1 (TM4SF1) is 
upregulated in colorectal carcinoma (CRC). However, the 
mechanism leading to inhibition of the TM4SF1 is not known. 
In the present study, we investigated the regulation of TM4SF1 
and function of microRNAs (miRNAs) in CRC invasion and 
metastasis. We analyzed 60 colon cancers and paired normal 
specimens for TM4SF1 and miRNA-9 (miR-9) expression 
using quantitative real-time PCR. A bioinformatics analysis 
identified a putative miR-9 binding site within the 3'-UTR 
of TM4SF1. We also found that TM4SF1 was upregulated in 
CRC tissues and CRC cell lines. The expression of TM4SF1 
was positively correlated with clinical advanced stage and 
lymph node metastasis. Moreover, a luciferase assay revealed 
that miR-9 directly targeted 3'-UTR-TM4SF1. Overexpression 
of miR-9 inhibited expression of TM4SF1 mRNA and protein, 
wound healing, transwell migration and invasion of SW480 
cells, whereas, overexpression of anti-miR-9 and siRNA-
TM4SF1 inversely regulated the TM4SF1 mRNA and protein 
level in HCT116 cells. Furthermore, miR-9 suppressed not 
only TM4SF1 expression but also MMP-2, MMP-9 and VEGF 
expression. In clinical specimens, miR-9 was generally down-
regulated in CRC and inversely correlated with TM4SF1 
expression. These results suggest that miR-9 functions as a 
tumor-suppressor in CRC, and that its suppressive effects 
mediate invasion and metastasis by inhibition of TM4SF1 
expression. Our results also indicate that miR-9 might be a 
novel target for the treatment of CRC invasion and metastasis.

Introduction

Colorectal cancer (CRC) is the third most common malignant 
disease in the world (1). Despite many advances in medicine, 
nearly 50% of CRC patients show tumor recurrence, which 
is leading to poor prognosis, median survival ratio following 
recurrence is only 13.3 months (2). Most recurrences of CRC 
are thought to be the result of tumor invasion and metastasis 
of cancer cells. Therefore, understanding the molecular 
mechanisms in CRC metastasis is of crucial significance in 
developing therapeutic strategies to improve CRC patients.

Transmembrane-4-L6-family-1 (TM4SF1) is a 22-kDa 
four-transmembrane-domain protein. It was identified in 1986 
as a tumor cell antigen of mouse monoclonal antibody L6, 
which also has a low expression in normal vascular endothe-
lium (3,4). There are five other structurally similar proteins: 
TM4SF4/IL-TMP, TM4SF5/L6H, TM4SF18/L6D, TM4SF19/
OCTM4 and TM4SF20/TCCE518 (5). Recently, studies have 
shown that TM4SF1 is associated with tumor growth, motility, 
invasion and metastasis with high expression in human lung, 
breast, colon, ovarian, renal and prostate carcinomas (3,6-10). 
In particular, TM4SF1 has high expression in CRC tissues, and 
downregulation of TM4SF1 can decrease the progression and 
metastasis of CRC (11). Therefore, TM4SF1 inhibition might 
provide a strategy for treating CRC.

MicroRNAs (miRNAs) are a new classification of 
endogenous, small, single-stranded RNAs composed of 
19-24 nucleotides. miRNAs modulate gene expression by 
binding to the 3'-untranslated region (3'-UTR) of the target 
mRNA, resulting in downregulation of the mRNA transcript 
or inhibition of the protein translation process (12). In addi-
tion, miRNAs regulate many cellular processes, including 
apoptosis, cell cycle progression, proliferation, differentiation, 
invasion and migration and affect tumorigenesis  (13-19). 
Thus, understanding the underlying molecular mechanisms of 
miRNA in malignant tumors is critical to CRC therapy. In this 
study, we focused on miRNA-9 (miR-9) because downregula-
tion of its expression has been observed in several cancer types, 
such as cervical adenocarcinoma, breast, gastric, ovarian and 
hepatocellular carcinoma (20-24). In CRC, miR-9 expression 
is also downregulation by binding to the 3'-UTR, and it has 
the potential to suppress Cdx2 (caudal-type homeobox 2) and 

MicroRNA-9 suppresses cell migration and invasion through 
downregulation of TM4SF1 in colorectal cancer

Young Ran Park1,2*,  Soo Teik Lee1,2*,  Se Lim Kim1,2,  Yu Chuan Liu1,2,  Min Ro Lee2,3,  Ja Hyun Shin4, 
Seung Young Seo1,2,  Seong Hun Kim1,2,  In Hee Kim1,2,  Seung Ok Lee1,2  and  Sang Wook Kim1,2

1Department of Internal Medicine, 2Research Institute of Clinical Medicine of Chonbuk National University-Biomedical 
Research Institute, 3Department of Surgery, Chonbuk National University Hospital, Chonbuk National University Medical 

School, Jeonju; 4Department of Nursing Science, Vision University college of jeonju, Jeonju, Republic of Korea

Received January 12, 2016;  Accepted February 6, 2016

DOI: 10.3892/ijo.2016.3430

Correspondence to: Dr Sang Wook Kim, Department of Internal 
Medicine, Research Institute of Clinical Medicine, Biomedical 
Research Institute, Chonbuk National University Hospital, 20 
Geonji-ro, Deokjin-gu, Jeonju, Jeonbuk 561-712, Republic of Korea 
E-mail: clickm@jbnu.ac.kr

*contributed equally

Key words: colorectal cancer, transmembrane-4-L6 family  1, 
miR-9, invasion, metastasis 



park et al:  miR-9 is a potential target for the treatment of CRC invasion and metastasis2136

UHRF1 (ubiquitin-like with plant homeodomain and ring 
finger domain 1), leading to proliferation, apoptosis, migration 
and invasion (25-27). However, little is known about the factors 
that modulate TM4SF1 in CRC invasion and metastasis. We 
hypothesized that miRNAs are associated with TM4SF1 
expression in CRC motility.

We analyzed the expression of TM4SF1 in 60 paired CRC 
tissues and found that the expression level of TM4SF1 was 
significantly higher in CRC tumors than in normal tissues, and 
the expression level of TM4SF1 was associated with clinical 
pathological stage and lymph node metastasis. Moreover, 
miR-9 directly targeted its binding site in the TM4SF1 
3'-UTR, which has a critical role in regulating CRC cell migra-
tion and invasion. Furthermore, miR-9 regulated cell motility 
via suppressing MMP-2, MMP-9 and VEGF expression in 
CRC cell lines. Taken together, miR-9 is associated with the 
motility of CRC and can be used for molecular targeted thera-
pies in CRC.

Materials and methods

Cell culture. Human colorectal cancer cell lines SW480, 
Caco2, LS174T, SW620 and HCT116 were purchased from 
the American Type Culture Collection (ATCC; Manassas, 
VA, USA). The cells were grown in RPMI-1640 (Invitrogen, 
Carlsbad, CA, USA) according to the manufacturer's recom-
mendations, with 10% fetal bovine serum (FBS) and 1% 
streptomycin at a humidified 5% CO2 at 37˚C.

MicroRNAs transfection and siRNA treatment. Both miR-9 
(hsa-miR-9a-5p; Pre-miRNA, miRNA Precursor AM17100; 
Product ID: PM 10022) and anti-miR-9 (anti-hsa-miR-9a-5p; 
anti-miRNA, miRNA inhibitor AM17100; Product ID: 
AM10022) were commercially synthesized (Ambion, Austin, 
TX, USA). The miR control and anti-miR control were 
purchased from Shanghai GenePharma Co., Ltd., (Shanghai, 
China) and siRNA-TM4SF1 was commercially synthesized 
(Thermo Fisher Scientific, Rockford, IL, USA). SW480 and 
HCT116 cells (2-5x105) were plated in 6-well plates and 
cultured for one day before transfection. For transfection, 
miRNAs or siRNA were used at working concentrations of 
50 or 20 nM using Lipofectamine 2000 reagent (Invitrogen). 
Cells were harvested at 24, 48 and 72 h after transfection for 
miRNA, mRNA and protein, respectively.

Patients and tissue specimens. Sixty of CRC tissues and 
paired normal tissues were obtained through the Biobank 
of Chonbuk National University Hospital, a member of the 
National Biobank of Korea. All patients had a pathological 
diagnosis of CRC, each paired sample was classified according 
to TNM Classification of Malignant Tumours (TNM) classifi-
cation and were frozen in liquid nitrogen and stored at -80˚C. 
The characteristics of patients are shown in Table I. This study 
consisted of 25 (41.7%) females and 35 (58.3%) males with 
a mean age of 63.1 years. The study protocol was approved 
by the Institutional Review Boards of Chonbuk National 
University Hospital (IRB no. 2014-10-05).

RNA isolation and real-time quantitative polymerase chain 
reaction (RTQ-PCR) for quantification of miR-9 and TM4SF1. 

Total RNA from cells or human normal tissue/matched tumor 
samples was extracted using Trizol reagent (Invitrogen,  
Carlsbad, CA, USA). Reverse transcription was performed 
using M-MLV Reverse Transcriptase (Promega, Madison, WI, 
USA), according to the manufacturer's protocol. RTQ-PCR 
was performed using an ABI 7500 real-time PCR system 
(Applied Biosystems, Foster City, CA, USA). In brief, 20 µl of 
master mix was prepared on ice with 10 µl of 2x SYBR, 1 µl 
of primers, 2 µl of DNA and 7 µl of nuclease-free water. The 
master mix was initially denatured 95˚C for 10 min followed 
by 40 cycels of denaturation at 95˚C for 15 sec, annealing and 
extension at 60˚C for 30 sec. The geometric average Ct value 
was used to calculate relative expression of the TM4SF1 using 
the method 2-∆∆CT, which was normalized to beta-2-microglob-
ulin (B2M). Primers used in this experiment were: 5'-TCG 
CGGCTAATATTTTGCTT-3' (forward) and 5'-TGCAATT 
CCAATGAGAGCAG-3' (reverse) for TM4SF1; and 5'-CCTG 
AATTGCTATGTGTCTGGG-3' (forward) and 5'-TGATG 
CTGCTTACATGTCTCGA-3' (reverse) for B2M. Expression 
level of miR-9 was determined by the TaqMan miRNA assay 
kit (Applied Biosystems) and normalized using the RNU48. 
The reaction volume of 20 µl included 2x master mix, each 
primer 2 µl, cDNA 2 µl, nuclease-free water 6 µl, and amplifi-
cation was carried out as follows: 95˚C for 10 min, 40 cycles of 

Table I. Characteristics of the 60 CRC patients.

Variables	 N (%)

Gender
  Male	 35 (58.3)
  Female	 25 (41.7)

Age (years)
  <60	 24 (40.0)
  ≥60	 36 (60.0)

Histological differentiation
  Well	 8 (13.3)
  Moderate	 46 (76.7)
  Poor	 6 (10.0)

Tumor status (T)
  T1-T2	 20 (33.3)
  T3-T4	 40 (66.7)

Lymph node metastasis (N)
  N0	 33 (55.0)
  N1-N2	 14 (23.3)
  N3-N4	 13 (21.7)

Distant metastasis status (M)
  M0	 57 (95.0)
  M1	 3 (5.0)

AJCC
  I + II	 30 (50.0)
  III + IV	 30 (50.0)

AJCC, American Joint Committee on Cancer.
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95˚C for 30 sec, 60˚C for 1 min and all the samples were 
performed in triplicate.

TM4SF1 target prediction by bioinformatics methods. To 
predict the target miRNAs of TM4SF1, we used bioinformatics 
software, TargetScan (www.targetscan.org), PicTar (www. 
mdc-berlin.de), Pita and miRanda-mirSVR (www.microrna. 
org), and combined with literature (27-30), miR-9 was selected 
for further study.

Plasmid construction and reporter assays. TM4SF1 plasmid 
DNA was kindly donated by Dr R. Roffler (Academia Sinica, 
Taipei, Taiwan) and was used to generate a new construct 
containing the full open reading frame (ORF) of the TM4SF1 
gene (pcDNA3.1-TM4SF1). The wild-type and mutant 
TM4SF1 containing the predicted binding site for miR-9 were 
amplified by PCR using the primers: 5'-CTCGAGCCCTT 
TGAACTGCCTTGTGT-3' (forward) and 5'-CTCGAGCC 
CAGTCATCGTAGCCTTTC-3' (reverse) for TM4SF1-WT: 
5'-GGAAAGCCTTTTGTCCTTGAGTACTAGGGATCAT 
G-3' (forward) and 5'-CATGATCCCTAGTACTCAAGGACA 
AAAGGCTTTC-3' (reverse) for TM4SF1-MT. The PCR 
product was cloned into the pmirGLO Dual-Luciferase 
miRNA target expression vector (Promega), designated 
TM4SF1-WT after sequencing. TM4SF1-MT was carried out 
using a site-directed mutagenesis kit (Enzynomics, Daejeon, 
Korea), using TM4SF1-WT as a template.

For the reporter assay, 5x104 of SW480 cells were seeded 
in a 24-well plate and transiently transfected with 200 ng of 
TM4SF1-WT or TM4SF1-MT reporter plasmid with 50 nM 
of miR-9 or miR negative control using Lipofectamine 2000. 
Luciferase assays were performed at 24 h after transfection 
using the Dual-luciferase assay system (Promega), and they 
were normalized with co-transfected Renilla luciferase. All 
experiments were performed in triplicate and repeated at least 
three times.

Western blot analysis. Protein extraction was prepared 
according to a previously described method (31). Briefly, cells 
were harvested by resolving in RIPA buffer (50 mM Tris-HCl, 
150 mM NaCl, 1% Triton X-100, 1% sodium deoxycholate, 
0.1% SDS and protease inhibitors) and were centrifuged at 
13,200 rpm at 4˚C for 30 min. After centrifugation, super-
natants were used as whole cell extracts, and 30-35 µg of 
protein was separated on 8 or 10% polyacrylamide gel and 
transferred to polyvinylidene difluoride (PVDF) membranes. 
The membranes were incubated with 2.5% non-fat dry milk or 
2.5% BSA in TBST for 60 min and then incubated overnight 
at 4˚C with primary antibodies to TM4SF1 (1:200; Thermo 
Fisher Scientific), MMP-2 (1:200; Cell Signaling Technology, 
Danvers, MA, USA), MMP-9 (1:200; Cell Signaling 
Technology) and VEGF (1:500; Santa Cruz Biotechnology, 
Santa Cruz, CA, USA). After washing three times with TBST, 
the membranes were incubated with HRP-conjugated rabbit or 
mouse IgG secondary antibodies for 60 min at room tempera-
ture. After washing three times with TBST, the proteins 
were visualized with ECL prime Western blotting substrate 
(Amersham, Buckinghamshire, UK) and detected with the 
chemiluminescent image system (Fusion Solo S; Vilber 
Lourmat, Marne-la-Valle'e Cedex, France). After protein 

detection, some membranes were re-probed with an antibody 
to GAPDH (Bioworld, Irving, TX, USA) used as a loading 
control. 

Wound healing assay. cells (5x104) were seeded in 24-well 
plates and incubated at 37˚C. The confluent cells were 
scratched with a 200-µl pipette tip and then transfected as 
described above. After 24-h incubation, plates were washed 
with fresh medium to remove non-adherent cells and then 
photographed. Wound area was determined using an inverted 
microscope (IX71; Olympus, Center Valley, PA, USA).

Migration and invasion assay. Cell migration assay was 
performed using a transwell system (24-wells, 8 µm pore size 
with poly-carbonate membrane; SPL, Gyeonggi-do Korea) 
according to the manufacturer's instructions. Briefly, post- 
transfected cells were trypsinized, and 1x105 cells were seeded 
into the upper chamber with serum free opti-MEM media. The 
low chamber was filled with 800 µl medium containing 10% 
FBS as a chemoattractant. After incubation for 48 h, cells on 
the lower side of the filter were fixed in 3.8% formaldehyde 
for 20  min and stained with 0.1% crystal violet solution. 
The number of cells in five randomly selected fields was 
counted under a light microscope and analyzed statistically. 
For the invasion assay, the upper chamber was coated with 
extracellular matrix (BD Biosciences, Bedford, MA, USA), a 
soluble basement membrane matrix. The rest of the assay was 
performed as the migration assay.

Statistical analysis. Spearman's correlation analysis was used 
to determine the correlation between TM4SF1 and miR-9 
expression. All of the data are shown as mean ± standard 
deviation (SD). Statistical differences were analyzed using 
ANOVA and Student's t-test, and p-values <0.05 were consid-
ered statistically significant.

Results

TM4SF1 expression is elevated in CRC, and associated with 
tumor stage and lymph node metastasis. We first analyzed 
TM4SF1 expression in human colorectal cancer specimens, 
60 frozen CRC tissues and paired normal colon tissues using 
RTQ-PCR. The mRNA level of TM4SF1 in CRC tissues 
were significantly higher than the mRNA level in paired 
normal tissues (P<0.001 for all comparisons; Fig. 1A). We 
also found that high level of TM4SF1 expression was signifi-
cantly associated with increasing stage of CRC (P<0.05 
for all comparisons; Fig. 1B), suggesting that TM4SF1 has 
more important functions in late-stage than early-stage 
CRC. TM4SF1 expression also was significantly increased 
with lymph node metastasis compared with normal tissues 
(P<0.01 and P<0.001 for all comparisons; Fig. 1C). We 
analyzed the level of TM4SF1 protein in 6 CRC tissues and 
found that TM4SF1 expression in 5 of 6 were higher than the 
level in the matched normal tissues (Fig. 1D). These results 
suggest that elevated TM4SF1 expression is associated with 
CRC metastasis.

miR-9 is a direct target for TM4SF1 in CRC and inversely 
correlated in 5 colorectal cancer cell lines. To identify miRNA 
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target sites located in the 3'-UTR TM4SF1 mRNA, we used 
bioinformatics software, TargetScan and miRanda-mirSVR, 
and the results were combined and compared with findings 

in literature (27-30). miR-9 was found to be conserved in the 
binding site of TM4SF1 (Fig. 2A) and was therefore selected 
for further study.

Figure 1. Expression of TM4SF1 is associated with increased stage and lymph node metastasis in 60 paired CRC specimens. (A) Expression levels of TM4SF1 
in paired CRC tumor (T) and normal tissues (N). (B) Sixty CRC tumors tissues were divided according to the pathological classification stage (T1+T2) and 
stage (T3+T4). (C) Analysis of TM4SF1 expression in CRC tissues with or without lymph node metastases relative to match normal tissues. (D) Western blot 
analysis of TM4SF1 protein isolated from paired normal (N) and CRC tumor (T) tissue specimens. Tumor colon specimens display higher TM4SF1 protein 
levels. Data assessed from three independent experiments and the P-values were calculated by t-test (*P<0.05, **P<0.01, ***P<0.0001). 

Figure 2. TM4SF1 is a direct target gene of miR-9 and miR-9 and TM4SF1 inversely correlate in 5 colorectal cancer cell lines (A) Sequence complementary 
between miR-9 and TM4SF1 3'-UTR. A human TM4SF1 3'-UTR containing the wild-type and mutant type miR-9 binding site was cloned into the pmirGLO 
Dual-Luciferase miRNA target expression vector. Luciferase activity was analyzed using the Dual-Luciferase assay system. (B) TM4SF1 mRNA expression 
was analyzed using RTQ-PCR in 5 CRC cell lines and normalized to B2M. (C) miR-9 expression were determined by TaqMan RTQ-PCR and normalized 
against an endogenous control (RNU48). Data assessed from three independent experiments and the P-values were calculated by t-test (*P<0.05). 
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The luciferase assay showed that co-transfection of miR-9 
and TM4SF1 3'-UTR-WT was significantly reduced by 
~40% compared with the co-transfection of the miR control 
and TM4SF1 3'-UTR-WT (Fig. 2A). However, no significant 

changes in luciferase activity were observed in co-transfection 
of either TM4SF1 3'-UTR-MT or the miR-control with miR-9 
(Fig. 2A). These findings suggest that miR-9 directly targets 
TM4SF1 via the binding site in 3'-UTR region.

Figure 3. miR-9 downregulates cell migration and invasion in CRC cells. (A) Migration and invasion assay rescued the effects of TM4SF1 overexpression of 
inhibitory induction by miR-9 in SW480 cells. Overexpression of siRNA-TM4SF1 was downregulated in cell migration and invasion while upregulated the 
induction by anti-miR-9 in HCT116 cells. (B) Wound healing assay analysis of the rescued effects of TM4SF1 overexpression on inhibitory induction by miR-9 
in SW480 cells. No significant change was observed on anti-miR-9 or co-transfection with anti-miR-9 and siRNA-TM4SF1 in HCT116 cells. 
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We also examined the expression levels of miR-9 and 
TM4SF1 in 5 colorectal cancer cell lines (HCT116, SW620, 
LS174T, Caco2 and SW480). As shown that Fig. 2B and C, the 
mRNA level of TM4SF1 was the highest in SW480 and the 
lowest in HCT116 cells. On the contrary, RTQ-PCR results 
showed that the expression of miR-9 was highest in HCT116 
cells and lowest in SW480 cells. These findings suggest 
that the level of TM4SF1 expression is inversely correlated 
with miR-9 level in CRC cells. Based on these results, we 
used SW480 and HCT116 cells to analyze the gain or loss of 
TM4SF1.

miR-9 inhibits cell migration and invasion of CRC cells. To 
further evaluate the cellular effects of miR-9, miR-9 alone 
or miR-9 and TM4SF1 was transfected. MTT assay results 
showed that miR-9 significantly inhibited cell growth, but 
co-transfection of miR-9 or TM4SF1 had no effect on growth 
of SW480 and HCT116 cells (data not shown). To test the cell 
migration and invasion potential of CRC transwell migration, 
invasion assay and wound healing in vitro were analyzed. 
As shown in Fig. 3, overexpression of miR-9 in SW480 cells 
significantly reduced cell migration (P<0.05) and invasion 
(P<0.01), co-transfection of miR-9 with TM4SF1 recovered 
these cellular functions. Whereas, overexpression of anti-
miR-9 in HCT116 cells significantly increased cell migration 
(P<0.001) and invasion compared with the control (P<0.001), 

co-transfection of anti-miR-9 with siRNA-TM4SF1 also 
recovered these effects. Wound healing assay results showed 
that miR-9 overexpression significantly reduced the rate of 
wound healing (P<0.05), and co-transfection of miR-9 and 
TM4SF1 recovered the motility of SW480 cells, however, 
there was no significant effect of anti-miR-9 and siRNA-
TM4SF1 in HCT116 cells (Fig.  3B). Collectively, miR-9 
inhibits CRC cell migration and invasion in vitro by TM4SF1 
expression.

miR-9 inhibits expression of TM4SF1 mRNA and protein 
in CRC cells. To test whether miR-9 regulates endogenous 
TM4SF1 expression, miR-9 and anti-miR-9 were transiently 
transfected into SW480 and HCT116 cells, and expression 
levels of TM4SF1 mRNA and protein were analyzed. As 
shown in Fig.  4A, transfection of miR-9 in SW480 cells 
lowered the TM4SF1 mRNA level compared with the 
level in the control (P<0.05), and co-transfection of miR-9 
and TM4SF1 recovered expression of TM4SF1 mRNA. In 
contrast, the TM4SF1 mRNA level in HCT116 cells was 
enhanced by anti-miR-9 compared with the control (P<0.05), 
and the expression level was recovered by co-transfection 
with anti-miR-9 and siRNA-TM4SF1. Supporting the 
observations, that TM4SF1 protein expression was reduced 
by miR-9, and the expression level was also recovered by 
co-transfection of miR-9 and TM4SF1. In HCT116 cells, 
TM4SF1 expression was enhanced by anti-miR-9, and recov-
ered by co-transfection of anti-miR-9 and siRNA-TM4SF1 
(Fig. 4B). These results indicate that miR-9 regulates both 
the transcription and translation of TM4SFl.

Alteration of miR-9 expression influences MMP-9, MMP-2 
and VEGF activation. To further understand the molecular 
mechanism of miR-9/TM4SF1 in inhibiting cell migration and 
invasion, we investigated whether it was due to the moderation 
of adhesion, which then lead to regulation of MMPs (matrix 

Figure 5. miR-9 inhibits MMP-9/MMP-2/VEGF via targeting TM4SF1. 
MMP-9, MMP-2, VEGF expression rescued the effect of TM4SF1 overex-
pression on inhibitory induction by miR-9 in SW480 cells. Overexpression 
of anti-miR-9 and siRNA-TM4SF1 was downregulated is the protein expres-
sion, while upregulated induced by anti-miR-9 in HCT116 cells.

Figure 4. miR-9 downregulates TM4SF1 mRNA and protein level in CRC 
cells. (A) RTQ-PCR analysis of the rescued effect of TM4SF1 overexpres-
sion on inhibitory induction by miR-9 in SW480 cells (P<0.05) and TM4SF1 
mRNA level was upregulated by overexpression of anti-miR-9, expression 
level recovered by cotransfection with anti-miR-9 and siRNA-TM4SF1 in 
HCT116 cells (P<0.05). (B) TM4SF1 overexpression rescues miR-9 mediated 
inhibition of TM4SF1 protein level in SW480 cells and anti-miR-9 enhanced 
siRNA-TM4SF1 mediated inhibition TM4SF1 protein level in HCT116 cells 
by western blot analysis. Data assessed from three independent experiments.
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metalloproteinases) and the VEGF (vascular endothelial 
growth factor) signaling pathway (32,33). Consequently, we 
analyzed expression of MMP-9, MMP-2, VEGF, ICAM-1 
(intercellular adhesion molecule 1), VCAM-1 (vascular cell 
adhesion protein 1) in CRC cells.

Although miR-9 did not significantly change ICAM-1 or 
VACM-1 protein levels (data not shown), the expression of 
MMP-2, MMP-9 and VEGF was downregulated by miR-9 
overexpression, this expression also recovered with co-trans-
fection of miR-9 and TM4SF1 in SW480 cells (Fig. 5). In 
contrast, expression of TM4SF1 protein was upregulated by 
anti-miR-9, and this was recovered via co-transfection with 
anti-miR-9 and siRNA-TM4SF1 in HCT116 cells. Taken 
together, miR-9 not only downregulates the expression of 
TM4SF1, but also downregulates MMP-2, MMP-9 and VEGF 
expression in CRC cells.

TM4SF1 inversely correlates with miR-9 expression in CRC. 
To gain insight into the clinical implications of miR-9, expres-
sion of miR-9 was analyzed in 60 cases of human CRC using 
RTQ-PCR. The results revealed that expression level of miR-9 
was significantly higher in normal tissues than in CRC tissues 
(P-value in each <0.01; Fig. 6A), in normal non-metastasis 
tissues than in tumor of non-metastasis (P-value in each <0.05; 
Fig. 6C). On the contrary, the level of miR-9 in CRC was 
significantly decreased with lymph node metastasis compared 
with normal tissues (P-value <0.05 and <0.01; Fig. 6B). We 
also evaluated that the correlation between TM4SF1 mRNA 
and miR-9 expression in the same CRC tissues. As shown in 

Fig. 6D, Spearman's rank correlation analysis showed that the 
expression levels of miR-9 and TM4SF1 were inverse in the 60 
CRC specimens.

Discussion

TM4SF1 is known to play important roles in growth, motility, 
invasion, and metastasis of cancer cells (3,6-8). Previously, 
studies have identified aberrant expression of miRNAs in 
various types of cancer and analyzed the role of miRNAs in 
cancer development, process, metastasis and invasion (34,35). 
In the present study, we focused on the expression of TM4SF1 
in human CRC tissues and CRC cell lines along with the 
miRNA that regulates TM4SF1 expression. Our results 
showed that TM4SF1 is upregulated in 60 paired CRC 
specimens compared with corresponding normal tissues and 
is associated with increased stage and lymph node metastasis. 
The expression of TM4SF1 was significantly higher in late 
stages compared to early stages.

On the basis of the above findings, bioinformatics predic-
tion analysis and literature search (27-30), were performed, 
miRNA-9 was selected as a potential target of TM4SF1. This 
prediction was confirmed by luciferase assay. Our results 
also revealed that miR-9 regulates TM4SF1 expression via 
the binding site in its 3'-UTR region thereby invasion and 
metastasis of CRC cells were reduced. These results suggest 
that miR-9 is strongly associated with CRC cell motility via its 
direct target gene the TM4SF1.

Clinically, increased expression levels of MMP-2 and 
MMP-9 in tumors are significantly associated with metastatic 
potential  (36-38). Overexpression of MMP-2 and MMP-9 
was also identified as prognostic markers of CRC (39). Our 
results show that miR-9 regulated the protein level of MMP-2/
MMP-9 and VEGF via TM4SF1 in CRC cells. A similar study 
of VEGF expression found that loss of TM4SF1 inhibited the 
regulation of VEGF, thereby inducing angiogenesis (αV, β3 
and β5) in endothelial cells (40). We, therefore, hypothesized 

Figure 6. miR-9 was inversely correlated with expression of TM4SF1 in CRC 
specimens. The expression of miR-9 was analyzed in 60 paired normal and 
tumor tissues using RTQ-PCR and normalized to RNU48 as endogenous 
control. (A) miR-9 was frequently upregulated in normal tissues (N) com-
pared with paired tumor specimens (T). (B) Analysis of miR-9 expression 
in CRC tissues with or without lymph node metastases relative to matched 
normal tissues. (C) miR-9 was significantly upregulated in normal non-
metastasis compared with tumor non-metastasis. (D) Spearman's correlation 
analysis was used to identify the correlation between the expression levels 
of TM4SF1 and miR-9 in human CRCs (Spearman's correlation r=-0.2910, 
P=0.0241). Data represent mean ± SD of 3 replicates.

Figure 7. Diagram illustrating the possible molecular mechanisms through 
which miR-9 interacts with other molecules during the development of CRC 
invasion and metastasis. 
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that MMP-2/MMP-9 and VEGF are central mediators in CRC 
invasion and metastasis.

Although accumulating evidence has shown that miR-9 
is upregulated in several cancers (41-44), in contrast, many 
studies have shown downregulation of miR-9 in cervical 
adenocarcinoma, gastric, ovarian and hepatocellular carci-
noma (20-24), indicating a diverse role of miR-9 in different 
cancer types. These results are studies with a small number 
of patients. In this study, miR-9 expression level in 60 paired 
CRC specimens was significantly upregulated in normal 
tissues compared with paired tumor tissues. Moreover, our 
data showed that level miR-9 expression inversely correlates 
with the level of TM4SF1 expression in the same CRC tumor 
specimens. These findings suggest that miR-9 expression is 
an important factor in the initiation and early stages of the 
development of CRC.

We could not determine a survival correlation between 
miR-9 and TM4SF1 in CRC patients, because survival infor-
mation was not provided by Biobank of Korea. However, 
Shiedeck et al (45) have reported that overall 3-year survival 
is significantly lower in patients with L6-positive blood 
serum compared to patients L6-negative. Further studies 
are warranted to identify the roles of miR-9 and TM4SF1 in 
reducing invasion and metastasis in vivo.

In conclusion, miR-9 is downregulated in CRC specimens 
and plays a crucial role in CRC invasion and metastasis 
through regulation of TM4SF1 expression. Our results provide 
information on a novel mechanism through which miR-9 
inhibits the invasion and metastasis of CRC through inhibiting 
TM4SF1 expression regulation of MMP-2/MMP-9/VEGF 
in vitro (Fig. 7). Collectively, these findings not only help us 
understand the molecular mechanism for CRC invasion and 
metastasis, but also provide a strong rationale to further inves-
tigate miR-9 as a potential biomarker for CRC.
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