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Abstract: Colorectal cancer (CRC) is highly invasive, and an increasing number of studies report that microRNAs
(miRNAs) are involved in CRC cell invasion and metastasis. However, these studies focus on miRNAs with clear func-
tional targets, often overlooking obscure miRNAs. Using TCGA data analysis, we compared differentially expressed
miRNAs in colon and rectal adenocarcinoma (stages NO and N1/N2) to identify miRNAs involved in invasion and
metastasis; one identified candidate miRNA was miR-7702. Bioinformatics analysis identified TADA1 as a pos-
sible target gene of miR-7702. The relationship between TADA1 and miR-7702 was analyzed using the Oncomine
database, CRC tissues at different stages, and CRC cell lines with different metastatic properties. We used a dual
luciferase-reporter assay to verify the interaction between miR-7702 and TADA1. We altered miR-7702 and TADA1
expression levels using transfection, and measured cell migration and invasion abilities. The results revealed a
negative correlation between miR-7702 and TADA1 in CRC. miR-7702 was significantly downregulated in human
CRC cell lines with high invasion capacity. Its overexpression suppressed human CRC cell migration and invasion by
directly inhibiting TADAL. This regulatory effect of miR-7702 on TADA1 was observed in human CRC cells but not in
mouse cells. These findings indicate that miR-7702 acts as a tumor suppressor in CRC by inhibiting cell migration
and invasion, possibly through direct TADAL inhibition. Our results demonstrate for the first time that miR-7702 and
TADA1 are biologically functional in human CRC cells and reveal that the presence and function of miR-7702 may

be species-specific.
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Introduction

The primary difficulty with treating colorectal
cancer (CRC) is recurrence after surgery and
the distant metastasis of cancer cells. CRC
tumorigenesis is initiated through the interac-
tion of endogenous and exogenous multi-fac-
tor, multi-stage, and multi-molecular events [1].
Exogenous factors are mainly physicochemical
and biogenic, and endogenous factors are
inherited or acquired through gene instability,
microsatellite instability, and chromosomal
instability. T molecular events leading to the
occurrence and development of CRC can be
divided into two categories: the primary genetic
event, which is dominated by gene structure,
and secondary molecular events, which result
in altered gene expression. Dominant onco-
genes and invisible tumor-suppressor genes
are examples of primary genetic events involved
in the development of CRC. Mutations in onco-
genes can be initiating factors for tumorigene-

sis; for example, mutations in Ki-Ras and ade-
nomatous polyposis coli (APC) genes are often
associated with CRC [2]. The absence of tumor-
suppressor gene expression can allow the origi-
nal abnormal proliferating cells to acquire
malignant biological behavior; for example, the
deletion or mutation of the p53 gene can ca-
use colorectal adenoma to develop into CRC.
Secondary molecular events play an important
role following malignant tumorigenesis. The
unbalanced expression or mutation of various
genes confer cancer cells with the ability to
become invasive. By studying the gene mecha-
nisms involved in molecular events in CRC, we
can identify gene expression changes associ-
ated with malignant CRC behaviors, such as
occurrence, development, invasion, and metas-
tasis, as well as search for early diagnostic and
treatment targets.

MicroRNAs (miRNAs) are non-coding small
RNAs of about 20 nucleotides in length. miRNA-
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mediated silencing of specific genes leads to
mMRNA degradation or inhibition of protein syn-
thesis, regulating gene expression post-tran-
scriptionally. Previous studies confirmed that
miRNAs are involved in the regulation of biologi-
cal growth and development, proliferation, dif-
ferentiation, and other biological behaviors,
and an imbalance in miRNA expression is relat-
ed to the development of various human dis-
eases, including tumors [3, 4]. Cummins et al.
confirmed that 18 miRNAs are upregulated in
CRC, and 32 miRNAs are decreased or silenced
[5]. Monzo et al. found that 28 and 64 miRNAs
are differentially expressed in stage | and Il
CRC, respectively, compared with normal tis-
sues [6]. These studies have shown that miR-
NAs are closely tied to the occurrence and
development of CRC [7].

After tumor cells undergo several cycles of divi-
sion and proliferation, they tend to exhibit
molecular or genetic changes. This heterogene-
ity leads to differences in tumor growth rate,
invasive ability, sensitivity to drugs, and pro-
gnosis. Accordingly, miRNA expression varies
based on the different stages of CRC [8-10].
Using TCGA database analysis, we found that
miR-7702 has noticeable differences in expres-
sion in stages NO and N1/N2 in CRC. Further,
our experimental results suggest that miR-
7702 may be involved in the regulation of
metastasis and invasion in CRC.

Materials and methods
MicroRNA expression data

Level 3 microRNA expression data were re-
trieved for 455 CRC specimens profiled using
the Agilent 4 x 15 k array and miRNA-Seq from
the TCGA data portal. Quantification and iso-
form files of level 3 miRNA data profiled by miR-
NA-Seq were retrieved from the TCGA data por-
tal along with metafiles annotating each datas-
et. Permission to access all data was obtain-
ed from the Data Access Committee of the
National Center for Biotechnology Information
Genotypes and Phenotypes Database (dbGAP)
at the National Institutes of Health.

Clinical specimens

A total of 28 snap-frozen normal and CRC spec-
imens were collected at the Fuxing Hospital,
which is affiliated with the Capital Medical
University (Beijing, China). The tissues collect-
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ed included five normal tissue sections and 20
CRC tissues, including nine NO CRC and 14 N1/
N2 CRC samples. This study was approved by
the Fuxing Hospital, Capital Medical University,
and written informed consent was obtained
from all participants.

Cell culture and transfection

The human CRC cell lines SW620 and SW480
and the mouse CRC cell line CT26, were ob-
tained from the Cell Resource Center, Peking
Union Medical College. The cells were cultured
in DMEM (Invitrogen, Carlsbad, CA, USA) sup-
plemented with 10% (v/v) fetal bovine serum
(FBS; Invitrogen), 100 U/ml penicillin G, and
100 mg/ml streptomycin sulfate (Sigma-
Aldrich) at 37°C with 5% CO,,. Cells at 70% con-
fluence were transfected with 20 nM miRNA or
vectors using Lipofectamine 2000 (Invitrogen)
according to the manufacturer’s recommenda-
tions. The plasmid pCMV6-TADA1 was obtained
from OriGene (OriGene Technologies, USA). The
miRNA mimic and siRNA sequences were as fol-
lows: NC mimic: 5-CUCCGAACGUGUCACGU-3’
(sense), MiR-7702 mimic: 5-CUUAGACUGC-
CAGACUCCCUGA-3’ (sense), and TADA1 siRNA:
5-GAUGAUGACGACUUGAAACATAT-3’ (sense).

RT-gPCR

Total RNA was isolated using TRIzol Reagent
(Invitrogen). The concentrations of RNA sam-
ples were quantified using spectrophotometry
(GeneQuant, GE Healthcare, Piscataway, USA)
at 260 nm. Relative miRNA and mRNA levels
were determined using qRT-PCR with an ABI
7500 Real-Time PCR System (Applied Bio-
systems, Warrington, UK) and SYBR Green.
GAPDH was used as the endogenous control
for mRNA, and U6 served as the internal con-
trol for miRNA. The primers sequences used for
RT-gPCR were as follows: TADA1l: 5-GTTC-
CCACACAATGATGCTT-3’ (forward), 5'-GCTTTCC-
TTCTTGACACAACTG-3’ (reverse); GAPDH: 5-AC-
AACTTTGGTATCGTGGAAGG-3’ (forward), 5’-GC-
CATCACGCCACAGTTTC-3’ (reverse); MiR-7702:
5-CAGCTTAGACTGCCAGAC-3’ (forward), 5’-CC-
AGTTTTTTTTTTTTTTTCAGGGA-3’ (reverse); U6:
5-CTCGCTTCGGCAGCACA-3’ (forward), 5-GCG-
AGCACAGAATTAATACGAC-3’ (reverse).

Western blot analysis

Total cell lysates from CRC cells were prepared
using ProteoJET™ Mammalian Cell Lysis Re-
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Figure 1. Venn diagram of differentially expressed
miRNAs in colorectal cancer. Total colorectal cancer-
related miRNAs are shown in blue, stage NO-related
miRNAs are in red, and stage N1/N2-related miRNAs
are in green.

agent according to the manufacturer’s instruc-
tions (Thermo Scientific, Rockford, IL, USA), and
protein concentrations were determined using
the BCA method. Specific antibodies to TADA1
(@b105712) and GAPDH (ab8245) were pur-
chased from Abcam (Cambridge, UK). The in-
tensities of immunoreactive bands were quan-
tified using the ImageJ software (http://imagej.
nih.gov/ij/).

Cell viability assay

Cell viability was assessed indirectly using the
CCK-8 assay. Cells were seeded in a 96-well
plate at a density of 3000 cells/well. After 24 h,
cells were transfected with the indicated miR-
NAs or vectors and incubated another 48
hours. Then, cells were treated with 100 pl of
fresh medium containing 10% CCK-8 reagent
(DoJinDo Laboratories, Japan) for 1 h at 37°C.
The absorbance values of the wells at 450 nm
were detected using an automatic spectrome-
ter (Multimode Reader, PerkinElmer, USA). This
procedure was repeated O, 1, 2, 3, 4 and 5
days after cell seeding.

Migration and invasion assays

Migration and invasion assays of CRC cells
were conducted using 24-well Transwell cham-
bers (8-um pore size polycarbonate membrane;
Costar, Corning, NY). For the migration assays,
5 x 103 cells were suspended in 100 ul DMEM
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and seeded into the upper chamber; 600 pl
DMEM containing 10% FBS was added to the
outside chamber. After incubating at 37°C
under 5% CO, for 24 hours, the upper chamber
was removed and cells that had not migrated
were wiped with a cotton swab. After fixing with
4% paraformaldehyde, nuclei were stained with
4’ 6-diamidino-2-phenylindole (DAPI). Images of
different fields were collected, and statistical
analyses performed. For invasion assays, Ma-
trigel (80 pg/ml, BD Biosciences) was pre-load-
ed in the upper chamber, and the remaining
steps were performed as outlined for the migra-
tion assays.

Statistical analysis

All experiments were performed in triplicate. All
data were analyzed using SPSS 19.0 statistics
software (IBM). Analysis of variance (ANOVA)
was used to evaluate the statistical difference
between groups. P-values < 0.05 were consid-
ered statistically significant.

Results

Analysis of differentially expressed miRNAs in
CRC

The incidence of CRC was probed based on
colon and rectal adenocarcinoma (COAD) key-
words from the TCGA database, and a total of
455 miRNA samples were sequenced, includ-
ing eight cases that included para-carcinoma
tissue as negative control. These eight cases
were analyzed for differences in miRNA expres-
sion, and 100 COAD-related miRNAs were
obtained (FDR P < 0.05). Of these eight cases,
six cases were stage NO patients, and two
cases were stage N1/N2 patients. The differ-
ences in MiRNA expression between the two
groups were further analyzed, and 83
NO-related miRNAs (second column) and 78
N1/N2-related miRNAs (third column) were
obtained (Supplementary Table 1). The three
groups of miRNA relationships are shown in
Figure 1.

The following miRNAs were unique to the N1/
N2 stage: hsa-miR-369, hsa-miR-193b, hsa-
miR-7702, hsa-miR-296, hsa-miR-205, hsa-
miR-125a, hsa-miR-3173, hsa-miR-574, hsa-
miR-508, hsa-miR-92b, hsa-miR-1296, hsa-
miR-1224, hsa-miR-874, hsa-miR-181a-1, and
hsa-miR-3150b. Compared with those related
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Figure 2. The negative correlation between mir-7702 and TADAL in colorectal cancer tissues and cells. A. miR-
7702 levels were significantly downregulated in N1/N2 colorectal cancer specimens compared with those in NO
specimens and normal tissues. The miR-7702 expression level was quantified using qRT-PCR in SW480 and SW620
cells. U6 served as an internal control. B. The top nine highest-ranking genes predicted to be candidate targets
of miR-7702 by miRWalk (http://zmf.umm.uni-heidelberg.de/apps/zmf/mirwalk2), miRnada (www.microrna.org),
RNA22 (https://cm.jefferson.edu/rna22), and Targetscan (www.targetscan.org), among which TADA1 is ranked
first. C. Oncomine data mining analysis of MRNA levels from TCGA datasets showed higher TADA1 expression levels
in colorectal carcinoma tissues versus normal tissues. D. qRT-PCR assay results showed significant upregulation
of TADAL mRNA in N1/N2 colorectal cancer specimens compared with that in NO specimens and normal tissues.
GAPDH served as an internal reference. E. The expression of miR-7702 negatively correlated with TADAL (R =
-0.8003). F. The expression of miR-7702 in SW620 cells was significantly lower than that in SW480 cells. G. TADAL
mMRNA levels in SW620 cells were significantly lower than those in SW480 cells based on gRT-PCR assays. H. TADA1
protein levels in SW620 cells were significantly lower than that in SW480 cells based on western blot analyses. *P

< 0.05 and **P < 0.01. Data are representative of three independent experiments (means * SD.).

to the NO stage and to common COAD, those
miRNAs that exhibit differential expression in
N1/N2 cancer tissue could be specific to meta-
static foci and may be related to the metastatic
phenotype. The following miRNAs were unique
to the NO stage: hsa-miR-192, hsa-miR-301b,
hsa-miR-496, and hsa-miR-4662a. The differ-
ential expression of these miRNAs may be
associated with cancer progression.

Potential regulatory relationship between miR-
7702 and TADA1

MiR-7702 is located on chromosome 9, and it
was initially reported in 2013. However, to the
best of our knowledge, the function of miR-
7702 has not been reported. Therefore, we
probed whether miR-7702 is related to malig-
nant metastasis in CRC. First, we compared the
relative expression levels of miR-7702 in CRC
specimens at different stages. The results
showed that miR-7702 level was significantly
downregulated in N1/N2 CRC specimens com-
pared with that of NO specimens and normal
tissues (Figure 2A). These results indicate that
the expression level of miR-7702 might be
related to differences in CRC malignancy. We
used bioinformatics analysis to identify the reg-
ulatory target of miR-7702. Results from three
separate analyses-miRWalk, miRanda, and Tar-
getscan-ranked TADA1 as the top predicted tar-
get of miR-7702 (Figure 2B). Data analysis
using Oncomine (https://www.oncomine.org)
revealed that TADAL1 mRNA levels were mark-
edly higher in CRC tissues relative to normal tis-
sues (Figure 2C). Subsequently, we examined
the relative content of TADAL1 mRNA in CRC
specimens of different stages. The expression
of TADAL mRNA in N1/N2 CRC specimens was
significantly upregulated compared with that in
NO specimens and normal tissues (Figure 2D)
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and was negatively correlated with the expres-
sion of miR-7702 (Figure 2E).

Next, we selected two human CRC cell lines,
SW620 and SW480, to verify the negative cor-
relation between miR-7702 and TADA1. SW480
is a primary Colon Epithelial Adenocarcinoma
tumor line with low metastatic properties, and
SW620 is a metastasized variant of SW480
derived from lymph node with high metastatic
properties. The level of miR-7702 in SW620
cells was significantly lower than that in SW480
cells (Figure 2F), whereas TADA1 mRNA and
protein expression levels showed the opposite
pattern (Figure 2G, 2H). In general, the experi-
mental results in both tissues and cells
revealed a negative correlation, suggesting a
possible regulatory relationship between mir-
7702 and TADAL.

MIR-7702 directly targets TADA1 in human
CRC cells

To confirm the direct regulation of TADAL by
miR-7702, luciferase reporter assays were per-
formed using luciferase reporter constructs
carrying the TADA1 mRNA 3’ UTR, containing
either the wild-type (WT) predicted miRNA-138
target sites (TADA1-wt-3’ UTR) or a mutant
(TADA1-mut-3’ UTR) in SW620 cells (Figure 3A).
miR-7702 significantly reduced the luciferase
activity of the reporter vectors containing WT
predicted target sites but had little effect on
the mutant (Figure 3B). These results indicate
that miR-7702 directly acts on the predicted
target sites in the TADA1 3’ UTR. When miR-
7702 was overexpressed in SW620 cells, the
expression of TADA1 was decreased at both the
MRNA and protein levels consistent with the
results of the TADA1l siRNA-positive control
group (Figure 3C, 3D).
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Figure 3. miR-7702 directly targets TADAL in human colorectal cancer cells. A. A schematic representation of miR-
7702 target sites in the 3’ UTR of human TADAL. The artificial mutant 3’ UTR lacks these miR-7702 binding sites.
B. Dual luciferase-reporter assays showed that miR-7702 significantly reduced the luciferase activity of reporter
vectors containing WT predicted target sites (TADA1-wt-3’ UTR) but had little effect on the mutant group (TADA1-
mut-3’ UTR). C. gRT-PCR assays showed that miR-7702 overexpression decreased endogenous TADAL mRNA levels.
GAPDH served as an internal reference. *P < 0.05. Data are representative of three independent experiments
(means = SD.). D. Western blot analyses showed that miR-7702 overexpression reduced endogenous TADA1 protein

levels. GAPDH served as an internal control.

Effects of miR-7702 on the migration and in-
vasion of human CRC cells

To investigate the biological significance of the
differential expression of miR-7702 in different
CRC cells, we performed cell migration and
invasion assays. First, given the relatively low
expression of miR-7702 in SW620 cells, we
overexpressed miR-7702 in SW620 cells to
decrease TADA1l expression (Figure 4A).
Following transfection with miR-7702, SW620
cells exhibited significantly reduced migration
and invasion compared with the control group
(Figure 4B, 4C); TADA1 overexpression partially
reversed these results. Correspondingly, trans-
fection of a miR-7702 inhibitor into SW480
cells to decreased miR-7702 activity upregu-
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lated TADA1 expression (Figure 4D) and in-
creased the migration and invasion (Figure 4E,
4F). Interestingly, miR-7702 overexpression in
SW620 cells and miR-7702 inhibition in SW480
cells showed no significant change in cell prolif-
eration (Figure 4G, 4H). Taken together, these
results indicate that miR-7702 influences the
migration and invasion of CRC cells by modulat-
ing TADA1 without affecting cell proliferation.

Species specificity of miR-7702 regulation of
TADA1

Since miR-7702 has, at present, only been
detected in human cells, the presence of miR-
7702 is suspected to be genus-specific. In
mouse CRC CT26 cells, miR-7702 was not

Am J Transl Res 2018;10(8):2579-2589
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Figure 4. miR-7702 inhibits the migration and invasion of human colorectal cancer cells. A. SW620 cells were co-transfected with miR-7702 mimics, pCMV6-
control, or pPCMVB-TATA1 for 48 h. Western blot analyses were performed to examine the protein expression levels of TADAL. B. miR-7702 overexpression inhibited
the migration and invasion of SW620 cells. Migration and invasion was assayed in SW620 cells following co-transfection with miR-7702 minics, pCMV6-control,
or pCMV6-TATAL using the Transwell apparatus. Migrating or invading cells were stained with DAPI and analyzed under a microscope. C. Relative cell migration
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and invasion were determined based on the number of DAPI-stained SW620 cells. Cell migration and invasion are expressed as a percentage of that observed in
control. D. Western blot analyses showed that miR-7702 inhibitor increased endogenous TADA1 protein levels. E. The miR-7702 inhibitor promoted the migration
and invasion of SW480 cells. Migration and invasion were assayed in SW480 cells following transfection with the miR-7702 inhibitor. F. Relative cell migration are
invasion were determined based on the number of DAPI-stained SW480 cells. G, H. Cell viability assay showed that miR-7702 had no effect on SW620 and SW480
cells proliferation. The line charts show relative CCK-8 absorbance, which indicates cellular viability. Data are the means + SD. of three independent experiments.
*P < 0.05 versus control.
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Figure 5. Species specificity of miR-7702 regulation of TADAL. A. Sequence alignment was used to identify the
similarity of the TADA1 coding sequence and the TADA1 3’ UTR nucleotide sequences between human and mouse
TADA1 using the ClustalW server (http://www.ebi.ac.uk/Tools/msa/clustalw2/). B. A two-base difference between
the human and mouse TADA1 mRNA 3’ UTR was observed; thus, mouse TADA1 lacks the miR-7702 targeting se-
quence. C. Mouse colorectal cancer CT26 cells were transfected with miR-7702 or miR-7702 inhibitor for 48 h.
gRT-PCR assays showed that miR-7702 mimic or miR-7702 inhibitor had no effect on endogenous TADA1 gene
transcription. GAPDH served as an internal reference. D. Western blot analyses showed that miR-7702 mimic or
miR-7702 inhibitor had no effect on endogenous TADA1 protein expression. E. Migration and invasion were assayed
in CT26 cells following transfection with the miR-7702 inhibitor. F. Relative cell migration and invasion were deter-
mined based on the number of the DAPI-stained SW480 cells.

detected using qRT-PCR. The similarity between
the mouse TADA1 and human TADA1 mRNA
coding regions was 89.19%; however, the se-
quence similarity of the 3" UTR is only 62.71%
(Figure 5A), and there are no predicted target
sites for miR-7702 in the mouse TADA1 3’ UTR
(Figure 5B). miR-7702 overexpression in CT26
cells failed to downregulate TADA1 expression
(Figure 5C, 5D) and did not inhibit cell migra-
tion and invasion (Figure 5E, 5F). These results
revealed that the presence of miR-7702 and
the regulation of TADALl are likely species-
specific.

Discussion

More than 2,500 miRNAs have been found in
the human genome, and these non-coding
small RNAs are involved in regulating about
30% of the gene expression in the human
genome. miRNA can affect cell proliferation,
differentiation, apoptosis, insulin secretion,
and the development of the heart, brain, and
skeletal muscle. Multiple studies have shown
that CRC is associated with the mutation or
ectopic expression of miRNA, indicating that
mMiRNA can play a tumor-suppressor or onco-
gene function [11, 12]. During tumorigenesis in
CRC, studies have found overexpression and
silencing of multiple miRNAs. Transcriptional
activation and amplification of genes encoding
miRNAs lead to the up-regulation of certain
miRNAs, which can result in the downregulation
and silencing of certain miRNAs due to chromo-
somal deletions and defects in the generation
process [13]. miRNAs can affect the develop-
ment of CRC by regulating proteins that affect
the tumorigenesis pathway in CRC. These pro-
teins include Wnt-catenin [14, 15], PIBK-AKT-
mTOR-pathway-related proteins [16-18], and
K-RAS [19, 20]. miRNAs can also influence
tumor invasion and metastasis by affecting
extracellular matrix degradation, the epithelial-
mesenchymal transition, and the PI3K-AKT-
mTOR and TGF-B signaling pathways [21, 22].
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Studying these miRNAs will provide a better
understanding of tumorigenesis in CRC and
facilitate the development of drugs that target
these miRNAs to treat CRC.

The CRC-associated miRNAs reported here,
including miR-143, miR-18a, miR-135, miR-18,
miR-20, and miR-21, play similar roles in other
tumors [23-26]. However, tumors are heteroge-
neous, and some miRNAs that cannot target
“star” molecules are often overlooked. We
hypothesized that miR-7702 belonged to this
category. TCGA database analysis revealed
that miR-7702 has significantly different ex-
pression levels between stages NO and N1/N2
in CRC. Bioinformatics analysis showed that
the expression of TADA1, a potential target of
miR-7702, in CRC is inversely related to that of
miR-7702. Furthermore, our cell-based experi-
ments demonstrated that miR-7702 inhibits
the expression of TADA1 and thereby partici-
pates in the regulation of CRC cell invasion and
migration. The purpose of miR-7702 downregu-
lation in malignant CRC, and the mechanism by
which TADA1 affects the invasion and migra-
tion of CRC cells, are both topics worthy of fur-
ther investigation.

Although miR-7702 was identified in 2013 [27],
no reports about its function have been pub-
lished, and it appears to exist only in human
cells. We have experimentally demonstrated
that miR-7702 is indeed absent in mouse CRC
cells. Overexpression of miR-7702 did not
inhibit the expression of TADAL in mice, and it
was not involved in the regulation of mouse
CRC cell migration and invasion. It is also inter-
esting to note that no precise function of TADA1
related to tumorigenesis and development has
been identified. In 2014, Shalem et al., using
the genome-scale CRISPR-Cas9 knockout tech-
nique to screen for genes related to the viability
of melanoma cells, identified TADA1 as a candi-
date gene [28]. However, there are no apparent
follow-up reports. Our studies have preliminari-

Am J Transl Res 2018;10(8):2579-2589



MiRNA-7702 in colorectal cancer

ly identified the role of TADA1 in CRC. Overall,
our study showed that miR-7702 acts as a
tumor suppressor in CRC by inhibiting cell
migration and invasion, which may be associ-
ated with its direct inhibition on TADA1. Our
results demonstrate for the first time that miR-
7702 and TADA1 are biologically functional in
human CRC cells, and revealed that the pres-
ence and function of miR-7702 is likely
species-specific.
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Supplementary Table 1. MicroRNAs related to colorectal cancer from TCGA database

COAD related miRNAs COAD NO realted miRNAs COAD N+ related miRNAs
hsa-mir-142 hsa-mir-142 hsa-mir-19a
hsa-mir-19a hsa-mir-374a hsa-mir-374a
hsa-mir-374a hsa-mir-19a hsa-mir-142
hsa-mir-21 hsa-mir-21 hsa-mir-628
hsa-mir-19b-1 hsa-mir-19b-1 hsa-mir-19b-1
hsa-mir-590 hsa-mir-203b hsa-mir-19b-2
hsa-mir-628 hsa-mir-101-1 hsa-mir-29b-1
hsa-mir-19b-2 hsa-mir-101-2 hsa-mir-21
hsa-mir-29b-1 hsa-mir-19b-2 hsa-mir-1296
hsa-mir-135b hsa-mir-29b-1 hsa-mir-590
hsa-mir-144 hsa-mir-542 hsa-mir-424
hsa-mir-101-1 hsa-mir-590 hsa-mir-144
hsa-mir-101-2 hsa-mir-628 hsa-mir-150
hsa-mir-542 hsa-mir-301a hsa-mir-141
hsa-mir-450b hsa-mir-144 hsa-mir-20a
hsa-mir-141 hsa-mir-135b hsa-mir-153-2
hsa-mir-203a hsa-mir-582 hsa-mir-182
hsa-mir-424 hsa-mir-153-2 hsa-mir-101-1
hsa-mir-20a hsa-mir-203a hsa-mir-335
hsa-mir-301a hsa-mir-450b hsa-mir-542
hsa-mir-182 hsa-mir-379 hsa-mir-129-2
hsa-mir-335 hsa-mir-182 hsa-mir-197
hsa-mir-153-2 hsa-mir-424 hsa-mir-328
hsa-mir-653 hsa-mir-141 hsa-mir-101-2
hsa-mir-126 hsa-mir-335 hsa-mir-126
hsa-mir-16-2 hsa-mir-16-1 hsa-mir-135b
hsa-mir-16-1 hsa-mir-126 hsa-mir-16-2
hsa-mir-203b hsa-mir-148a hsa-mir-98
hsa-mir-148a hsa-mir-16-2 hsa-mir-136
hsa-mir-379 hsa-mir-136 hsa-mir-106a
hsa-mir-2355 hsa-mir-199b hsa-mir-129-1
hsa-mir-582 hsa-mir-2355 hsa-mir-1976
hsa-mir-592 hsa-mir-653 hsa-mir-148a
hsa-mir-96 hsa-mir-152 hsa-mir-592
hsa-mir-136 hsa-mir-889 hsa-mir-16-1
hsa-mir-106a hsa-mir-592 hsa-mir-3173
hsa-mir-152 hsa-mir-96 hsa-mir-205
hsa-mir-199b hsa-mir-20a hsa-mir-452
hsa-mir-452 hsa-mir-106a hsa-mir-429
hsa-mir-98 hsa-mir-4677 hsa-mir-2355
hsa-mir-1-1 hsa-mir-452 hsa-mir-653
hsa-mir-218-2 hsa-mir-552 hsa-mir-450b
hsa-mir-454 hsa-mir-98 hsa-mir-203a
hsa-mir-217 hsa-mir-708 hsa-mir-92b
hsa-mir-1-2 hsa-mir-199a-2 hsa-mir-486-2
hsa-mir-577 hsa-mir-411 hsa-mir-486-1
hsa-mir-889 hsa-mir-218-2 hsa-mir-217
hsa-mir-199a-2 hsa-mir-486-1 hsa-mir-766
hsa-mir-4677 hsa-mir-486-2 hsa-mir-152



hsa-mir-486-1
hsa-mir-486-2
hsa-mir-15a
hsa-mir-3613
hsa-mir-552
hsa-mir-429
hsa-mir-17
hsa-mir-374b
hsa-mir-29b-2
hsa-mir-660
hsa-mir-4668
hsa-mir-10a
hsa-mir-32
hsa-mir-183
hsa-mir-411
hsa-mir-199a-1
hsa-mir-6803
hsa-mir-374c
hsa-mir-196b
hsa-mir-450a-2
hsa-mir-708
hsa-let-7f-1
hsa-mir-1976
hsa-let-7f-2
hsa-mir-143
hsa-mir-197
hsa-mir-10b
hsa-mir-139
hsa-mir-129-1
hsa-mir-6511b-1
hsa-mir-4728
hsa-mir-1343
hsa-mir-7641-1
hsa-mir-1277
hsa-mir-129-2
hsa-mir-1180
hsa-mir-328
hsa-mir-3127
hsa-mir-549a
hsa-mir-1306
hsa-mir-6507
hsa-mir-150
hsa-mir-1245a
hsa-mir-196a-2
hsa-mir-651
hsa-mir-223
hsa-mir-30e
hsa-mir-766
hsa-mir-338
hsa-mir-450a-1
hsa-mir-4676
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hsa-mir-374b
hsa-mir-454
hsa-mir-1-1
hsa-mir-217
hsa-mir-1-2
hsa-mir-29b-2
hsa-mir-199a-1
hsa-mir-15a
hsa-mir-660
hsa-mir-17
hsa-mir-3613
hsa-mir-32
hsa-mir-10a
hsa-mir-374c
hsa-mir-577
hsa-mir-651
hsa-mir-10b
hsa-mir-139
hsa-mir-4728
hsa-mir-429
hsa-mir-1343
hsa-mir-1976
hsa-mir-4662a
hsa-mir-143
hsa-mir-197
hsa-mir-192
hsa-mir-301b
hsa-mir-183
hsa-mir-196b
hsa-let-7f-1
hsa-mir-496
hsa-let-7f-2
hsa-mir-7641-1
hsa-mir-6511b-1

hsa-mir-96
hsa-mir-7702
hsa-mir-379
hsa-mir-1180
hsa-mir-17
hsa-mir-296
hsa-mir-183
hsa-let-7f-1
hsa-mir-577
hsa-mir-15a
hsa-mir-3613
hsa-mir-196b
hsa-let-7f-2
hsa-mir-508
hsa-mir-125a
hsa-mir-1224
hsa-mir-218-2
hsa-mir-874
hsa-mir-369
hsa-mir-1306
hsa-mir-582
hsa-mir-193b
hsa-mir-301a
hsa-mir-3150b
hsa-mir-181a-1
hsa-mir-574
hsa-mir-199b
hsa-mir-1-1
hsa-mir-139




