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Abstract
AIM: To investigate the microRNA (miRNA) expression
during histological progression from colorectal normal
mucosa through adenoma to carcinoma within a lesion.

Institutional review board statement: This study was reviewed
and approved by the ethics committee and the institutional review
board at the Tohoku University Hospital (No. 2014-1-818).

METHODS: Using microarray, the sequential changes
in miRNA expression profiles were compared in colonic
lesions from matched samples; histologically, nonneoplastic mucosa, adenoma, and submucosal invasive
carcinoma were microdissected from a tissue sample. Cell
proliferation assay was performed to observe the effect
of miRNA, and its target genes were predicted using bioin
formatics approaches and the expression profile of SW480
transfected with the miRNA mimics. mRNA and protein
levels of the target gene in colon cancer cell lines with a
mimic control or miRNA mimics were measured using qRTPCR and Western blotting. The expression levels of miRNA
and target gene in colorectal tissue samples were also
measured.

Conflict-of-interest statement: The authors have no conflicts of
interest to declare.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS: Microarray analysis identified that the miR-320
family, including miR-320a, miR-320b, miR-320c, miR-320d
and miR-320e, were differentially expressed in adenoma
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and submucosal invasive carcinoma. The miR-320
family, which inhibits cell proliferation, is frequently
downregulated in colorectal adenoma and submucosal
invasive carcinoma tissues. Seven genes including CDK6
were identified to be common in the results of gene
expression array and bioinformatics analyses performed to
find the target gene of the miR-320 family. We confirmed
that mRNA and protein levels of CDK6 were significantly
suppressed in colon cancer cell lines with miR-320 family
mimics. CDK6 expression was found to increase from
non-neoplastic mucosa through adenoma to submucosal
invasive carcinoma tissues and showed an inverse
correlation with miR-320 family expression.

to be a precursor lesion of CRC; the removal of CRAs by
polypectomy has been shown to reduce the incidence
[3]
and mortality due to CRCs . Endoscopic mucosal
resection and endoscopic submucosal dissection (ESD)
enable resection of almost all intramucosal neoplasia with
[4]
submucosal invasion of less than 1000 µm in the colon .
Thus, detection of colorectal tumors in the early stages
has become increasingly important in treatment and
prognosis.
The adenoma-carcinoma sequence is accompanied
by several genetic and epigenetic alterations, such as
mutations of cancer-associated genes and epigenetic
modifications, including changes in DNA methylation,
[5,6]
histone modifications, and microRNAs (miRNAs) .
However, the involvement of miRNAs in the mechanism of
this sequence remains undetermined. miRNAs are small
(19-23 nucleotide) endogenous non-coding RNAs that
regulate gene expression by targeting the 3′ untranslated
region (UTR) of mRNA. miRNAs play fundamental roles
[7]
in various biological processes . Accumulating evidence
indicates that miRNAs are frequently dysregulated in
[8]
human cancers , and alterations of miRNA expression
in colorectal tumors have been well documented. For
example, miRNA profiles of CRC compared with those of
[9]
[6,10]
normal mucosa and adenoma
have been reported.
However, limited reports exist on the sequential changes
in miRNA expression during histological progression from
normal colonic mucosa through colorectal adenoma to
early carcinoma in a lesion from a patient.
Furthermore, according to the Paris and Japanese
[11,12]
classification
, a flat colorectal lesion exceeding 10 mm
in diameter is classified as a “laterally spreading type (LST)”
and subclassified into a granular (G) or a non-granular (NG)
type. The percentage of gene mutation in the protruded
tumor is hypothesized to be different from that of the
[13]
LST . When we focused on miRNA, expression changes
of some miRNAs in exophytic and flat elevated tumors
[14]
were reported ; however, there is no analysis comparing
miRNA expressions of the LST with those of the protruded
tumor.
Therefore, we analyzed miRNA expressions of both
LSTs and protruded tumors as a specific feature of the
stepwise progression from adjacent non-neoplastic
mucosa to adenoma and submucosal invasive carcinoma
using matched samples to compare accurate miRNA
expression in each phase.

CONCLUSION: MiR-320 family affects colorectal tumor
proliferation by targeting CDK6, plays important role in
its growth, and is considered to be a biomarker for its
early detection.
Key words: CDK6; Colorectal cancer; MiR-320 family;
Colorectal adenoma; Laterally spreading type
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We investigated for the first time the sequential
changes of miRNA expression profiles in colonic lesions
from matched samples; histologically, non-neoplastic
mucosa, adenoma, and submucosal invasive carcinoma
were microdissected from a tissue sample. We have
shown that the miR-320a, miR-320b, miR-320c, miR320d are downregulated from colorectal adenoma and
miR-320e is downregulated from colorectal submucosal
carcinoma tissue and the miR-320 family suppresses
tumor proliferation by targeting CDK6. The miR-320 family
may play an important role in the growth of colorectal
tumors and can be considered as a biomarker for the
early detection of colorectal tumors.
Tadano T, Kakuta Y, Hamada S, Shimodaira Y, Kuroha M,
Kawakami Y, Kimura T, Shiga H, Endo K, Masamune A,
Takahashi S, Kinouchi Y, Shimosegawa T. MicroRNA-320
family is downregulated in colorectal adenoma and affects tumor
proliferation by targeting CDK6. World J Gastrointest Oncol
2016; 8(7): 532-542 Available from: URL: http://www.wjgnet.
com/1948-5204/full/v8/i7/532.htm DOI: http://dx.doi.org/10.4251/
wjgo.v8.i7.532

MATERIALS AND METHODS

INTRODUCTION

Tissue samples

Formalin-fixed, paraffin-embedded (FFPE) colorectal tissue
samples that included carcinoma, adenoma, and adjacent
non-neoplastic mucosa were obtained from patients who
underwent ESD at Tohoku University between January
2011 and December 2014 and provided written informed
consent for study participation. All the cancers were
limited to submucosal carcinomas, which were classified
as T1M0N0 (American Joint Committee on Cancer Staging

Colorectal cancer (CRC) is one of the most common
malignancies resulting in cancer-related deaths in the
[1]
world . The adenoma-carcinoma sequence, which
involves a series of changes from normal colorectal
epithelium through an adenoma to an invasive and
metastatic tumor, has been widely recognized as an
[2]
important developmental mechanism in CRC . According
to this theory, the colorectal adenoma (CRA) is considered

WJGO|www.wjgnet.com

533

July 15, 2016|Volume 8|Issue 7|

Tadano T et al . MicroRNA-320 family is downregulated in colorectal adenoma
Manual) in this study. The 18 colorectal samples were LST
(15 carcinoma with adenoma and 3 carcinoma without
adenoma) and the 3 colorectal samples were protrudedtype carcinoma with adenoma.
A senior pathologist reviewed the histopathological
grades and types of all cases. Regions of colorectal
carcinoma, pre-existing adenoma, and adjacent nonneoplastic mucosa in a resection specimen were micro
dissected using a laser microdissection (LMD) system
(Leica Microsystems, Wetzlar, Germany). This study was
reviewed and approved by the ethics committee and
the institutional review board at the Tohoku University
Hospital.

CDK6 Forward: 5′-GGATAAAGTTCCAGAGCCTGGAG-3′;
CDK6 Reverse: 5′-GCGATGCACTACTCGGTGTGAA-3′
and GAPGH Forward: 5′-ATCAGCAATGCCTCCTGCAC-3′;
Reverse: 5′-ATGGCATGGACTGTGGTCAT-3′.

Cell proliferation assay

Human colon cancer cell lines SW480 were seeded in
96-well plates, and cell proliferation was measured 24, 48,
72, 96, and 120 h later using the CellTiter96 Aqueous One
Solution Cell Proliferation Assay (MTS assay; Promega,
Madison, WI, United States) according to manufacturer’s
instructions.

Gene expression analysis and miRNA target prediction

Cell lines and transfection

Gene expression profiling of SW480 transfected with a
mimic control or miR-320a mimics was performed using
the SurePrint G 3Human Gene Expression 8x60K v2
Microarray Kit (Agilent Technologies) according to the
manufacturer’s instructions. Candidates of miRNA target
genes were selected according to the results of these
mRNA expression analysis and two different bioinformatics
algorithms-TargetScan (http://www.targetscan.org) and
Pic tar (http://pictar.mdc-berlin.de/).

Human colon cancer cell lines HT29 and SW480 were
obtained from the American Type Culture Collection
(Manassas, VA) and then grown in Dulbecco’s Modified
Eagle’s Medium supplemented with 10% (v/v) fetal bovine
serum at 37 ℃ in a humidified atmosphere of 5% CO2.
The human intestinal epithelial cells (InEpC) were obtained
from Lonza, Japan.
We used mirVana™ miRNA 320a, b, c, d, and e
mimic; mimic control; inhibitor; and inhibitor control (Life
Technologies, Carlsbad, CA). These RNA oligonucleotides
were transiently transfected into SW480 and HT29 cells using
the Lipofectamine RNAiMAX Reagent (Invitrogen, United
States) according to the manufacturer’s instructions.

Protein extraction and Western blot

Total cell lysates were prepared using a mammalian cell
extraction kit (BioVision, Mountain View, CA, United States).
Protein concentrations in the lysates were measured
using the BCA Protein Assay kit (Pierce Chemical Co.,
Rockford, IL, United States). Equal amounts of proteins
were separated by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis and transferred onto polyvinylidene
difluoride membranes. After incubation with Tris-buffered
saline and Tween-20 containing an ECL blocking agent,
the membranes were incubated with primary antibodies
against CDK6 (Cell Signaling Technology, Inc., Danvers,
MA, United States) or α-tubulin (B512, Sigma) at 4 ℃
overnight and further incubated with secondary antibodies
for 1 h at room temperature. Reactive bands were
detected using the ECL Prime Western Blotting Detection
Reagent (GE Healthcare, Bucks, United Kingdom).

RNA isolation

Total RNA from microdissected FFPE samples was pu
rified using a miRNAeasy FFPE kit (QIAGEN, Hilden,
Germany). Total RNA isolated from cultured cells using
TRIzol reagent (Invitrogen) was purified with an RNeasy
Mini kit (QIAGEN).

miRNA microarray analysis

The RNA from FFPE samples was labeled with a miRNA
complete labeling and Hyb kit (Agilent Technologies, Santa
Clara, CA, United States), and the labeled probes were
hybridized onto Agilent Human miRNA Microarray Rel 19.0
according to the manufacturer’s instructions. The arrays
were scanned and the data were extracted and analyzed
using the Agilent Feature Extraction software and Agilent
GeneSpring software.

Statistical analysis

Data from at least three independent experiments were
analyzed. Statistical analysis was conducted using Excel
(Microsoft). The difference between two groups was
analyzed using the paired t-test for miRNA array data
and the Student’s t-test for qRT-PCR data. The statistical
significance of correlations between the expressions of
the miR-320 family and CDK6 mRNA was evaluated using
Pearson’s correlation analysis. P < 0.05 was considered
statistically significant.

Quantitative real-time polymerase chain reaction

RNA samples were reverse transcribed into cDNA using
QuantiTect Reverse Transcription Kit and miScript Ⅱ RT Kit
(QIAGEN). Each cDNA sample was analyzed in triplicate
using the QuantiFast SYBR Green PCR kit (QIAGEN) with
the StepOnePlus real-time PCR system (Life Technologies).
Ct
A comparative Δ method was used for the quantification
of the miR-320 family and CDK6 expression; expression
levels of the hsa-miR-320 family and CDK6 were nor
malized by those of U6 and GAPDH, respectively. A
miScript Primer Assay (QIAGEN) was used for the miR-320
family and U6. The following primer sets were used for
other quantitative reverse transcription (qRT)-PCR assays:
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Results
Most miRNAs associated with the adenoma-carcinoma
sequence were common to LSTs and protruded tumors

Sequential changes of miRNA expression profiles from
matched samples, histologically non-neoplastic mu
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Figure 1 MiRNA expression profiles of matched samples. A: Regions of colorectal carcinoma, pre-existing adenoma, and adjacent non-neoplastic mucosa in a
resection specimen were microdissected using laser microdissection (LMD); B and C: The miRNA expression profiles were compared with three matched regions from
LSTs (n = 3) and protruded tumors (n = 3). For each miRNA, red represents higher expression and green represents lower expression than the average expression.
LST: Laterally spreading type; C: Carcinoma; A: Adenoma; N: Adjacent non-neoplastic mucosa.

cosa, adenoma, and submucosal invasive carcinoma
microdissected by LMD from a tissue sample (Figure
1A), were assessed. To differentiate tumor forms,
these analyses were conducted in each of the LSTs
(n = 3) and protruded tumors (n = 3) (Figure 1B and
C). All three LSTs were of the granular type. Seven
miRNAs in LSTs and 23 miRNAs in protruded tumors
showed significantly higher or lower expression in early
carcinomas than that in adenomas, with expression
in non-neoplastic mucosa as the baseline. The top
10 miRNAs in each form are summarized in Table 1.
Comparing these results, six of the 10 miRNAs, including
five belonging to the miR-320 family (320a, b, c, d,
and e) were identical. In addition, we confirmed the
downregulation of miR-195 (LST), miR-375, miR-378
(protruded tumor), and miR-26b (both forms) in early
cancer, which has been previously reported in several
[9,15,16]
studies of CRCs
. Decreased expression of miR-320a
[6,17,18]
and 320b in CRC has also been reported previously
.
It is interesting that these changes in miR-320 family
expressions are common in early carcinomas both in
LSTs and protruded tumors; therefore, we focused on

WJGO|www.wjgnet.com

the miR-320 family in the subsequent analysis.

miR-320 family is significantly downregulated in
colorectal adenoma and submucosal invasive carcinoma

To confirm the downregulation of the miR-320 family in
early carcinoma, we conducted qRT-PCR of the miR-320
family using 18 matched colorectal submucosal invasive
carcinoma specimens in LSTs (Figure 2A). Expressions
of all members of the miR-320 family except miR-320e
in adenoma were significantly decreased not only in
submucosal invasive carcinomas but also in adenomas
compared with those in the non-neoplastic mucosa (P <
0.05 and P < 0.01, respectively). On comparing adenomas
and carcinomas, expression levels of the miR-320 family,
except for 320d, in carcinomas were lower than that in
adenomas; however, differences were not statistically
significant. These findings were confirmed in human
colon cancers cell lines by qRT-PCR, and expression of the
miR-320 family was found to be decreased in HT29 and
SW480 compared with that in InEpC (Figure 2B).
These results indicated that the expression of the
miR-320 family decreased from the early stages of the
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Table 1 The top 10 miRNA changes between colorectal adenoma and carcinoma
Systematic name
Laterally spreading types (n = 3)
1
2
3
4
5
6
7
8
9
10
Protruded tumors (n = 3)
1
2
3
4
5
6
7
8
9
10

Expression levels vs normal (mean ± SD)

P value

Adenoma

Carcinoma

hsa-miR-320b
hsa-miR-320e
hsa-miR-937-5p
hsa-miR-574-5p
hsa-miR-320d
hsa-miR-320a
hsa-miR-26b-5p
hsa-miR-320c
hsa-miR-361-5p
hsa-miR-195-5p

0.649 ± 0.170
0.666 ± 0.159
0.842 ± 0.169
1.287 ± 0.477
0.705 ± 0.204
0.645 ± 0.140
1.751 ± 0.307
0.676 ± 0.181
1.976 ± 0.124
0.729 ± 0.172

0.402 ± 0.146
0.376 ± 0.085
1.446 ± 0.253
0.881 ± 0.339
0.425 ± 0.108
0.412 ± 0.198
1.003 ± 0.600
0.401 ± 0.072
1.469 ± 0.378
0.391 ± 0.338

0.00488
0.0213
0.0215
0.0373
0.0407
0.0417
0.0477
0.0516
0.0762
0.0772

hsa-miR-320d
hsa-miR-320b
hsa-miR-375
hsa-miR-320e
hsa-miR-320c
hsa-miR-320a
hsa-miR-663a
hsa-miR-211-3p
hsa-miR-378i
hsa-miR-26b-5p

1.450 ± 0.388
1.456 ± 0.386
1.312 ± 0.163
1.350 ± 0.278
0.879 ± 0.236
1.262 ± 0.208
0.985 ± 0.786
1.634 ± 0.193
1.110 ± 0.223
1.261 ± 0.462

0.805 ± 0.369
0.834 ± 0.362
0.285 ± 0.174
0.772 ± 0.362
0.584 ± 0.219
0.810 ± 0.263
1.317 ± 0.798
1.533 ± 0.189
0.640 ± 0.333
0.896 ± 0.360

0.000284
0.00203
0.00492
0.00724
0.0105
0.0110
0.0114
0.0129
0.0250
0.0253

adenoma-carcinoma sequence.

and microRNA.org) indicate that CDK6 has a putative
miR-320 family’s binding site that is mapped to the 3′ UTR
(Figure 4B). From these results, we selected CDK6 as a
novel candidate target of the miR-320 family.

miR-320 family, except miR-320e, inhibits cell
proliferation

To reveal the role of the miR-320 family in CRC, cell
proliferations in SW480 transfected with the miR-320 family
were analyzed by MTS assay for 5 d. Overexpression of
miR-320a, 320b, 320c, or 320d significantly inhibited the
cell growth of SW480 (Figure 3), and inhibition of these
miRNA significantly promoted proliferation of SW480 (data
not shown). However, these findings were not observed
with miR-320e.

mRNA and protein levels of CDK6 suppressed by
miR-320 family in colon cancer cell lines

To examine whether the miR-320 family influences both
mRNA and protein levels of CDK6, these were analyzed
in colon cancer cell lines (HT29 and SW480) with a
mimic control or miR-320 family mimics. Both mRNA and
protein levels of CDK6 were significantly suppressed in
cells with miR-320 family mimics (Figure 4C and D).

miR-320a targets CDK6

Increased CDK6 expression from non-neoplastic
mucosa through adenoma to submucosal invasive
carcinoma with inverse correlation to the miR-320 family
expression

To find a target gene of the miR-320 family, we used
miR-320a as a representative of the miR-320 family in
microarray gene expression analysis and miRNA target
prediction. Before the gene expression analysis, we
confirmed that the expression of miR-320a in SW480
cells transfected with miR-320a mimics was increased by
approximately 1600-fold compared with that in controls.
Next, the gene expression analysis of SW480 with a
mimic control or miR-320a mimics was conducted using
microarray, and the expressions of 497 genes were found
to be decreased in SW480 with miR-320a mimics (foldchange < 0.67). In addition to these tests, we conducted
TargetScan and Pic tar analyses to detect potential targets
of miR-320a; seven genes (BLCAP, HOXA10, KCNS3,
RASA1, NPAS2, ARPC5, and CDK6) were identified to be
common in the results of these three different analyses
(Figure 4A). In seven candidate genes, CDK6 expression
was shown to be associated with prognosis in patients
[19]
with CRC ; moreover, the results of miRNA binding-site
prediction analyses using bioinformatics tools (Target scan

WJGO|www.wjgnet.com

To confirm the changes of CDK6 expression in colorectal
tissues, we investigated CDK6 expression in FFPE tissues
of 18 matched samples. Two samples were excluded
because of difficulty in detecting CDK6 expression. CDK6
expression in submucosal invasive carcinoma compared
with non-neoplastic mucosa was significantly increased
(P < 0.05, Figure 4E) and that in adenoma was also
increased but without statistical significance (P = 0.10).
Finally, we found that there is an inverse correlation
between the expression levels of the miR-320 family,
except miR-320c, and CDK6 in the 16 matched samples
studied (P < 0.05, Figure 4F-J).

Discussion
The main aim of this study was to investigate changes
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Figure 2 The relative expression levels of the miR-320 family in formalin-fixed, paraffin-embedded samples and cell lines. A: The expression of the miR-320
family in 18 samples (15 colorectal carcinoma with adenoma and 3 colorectal carcinoma without adenoma); B: The expression of the miR-320 family in human colon
cancers cell lines (HT29 and SW480) compared with that in human intestinal epithelial cells (InEpC). (aP < 0.05, bP < 0.01). C: Carcinoma, A: Adenoma, N: Adjacent
non-neoplastic mucosa.
[23]

in miRNAs corresponding to the adenoma-carcinoma
sequence and to clarify the functions of these miRNAs in
carcinogenesis. We showed that the miR-320 family (a, b,
c, d and e) were important factors in the progression of
the early stages of colorectal tumors and found a novel
target of the miR-320 family, CDK6. From the results
of our comprehensive microarray miRNA analysis, miR320a, b, c, d and e were downregulated from adenoma
to submucosal invasive carcinoma in both LSTs and
protruded tumors. It has been previously reported that
[20]
[21]
miR-320a regulates tumor occurrence , progression ,
[22]
and metastasis
in CRC; therefore, we inferred that
the miR-320 family may play an important role in colo
WJGO|www.wjgnet.com

rectal carcinogenesis . Moreover, 6 of the 10 miRNAs,
including the miR-320 family, were identical between the
LST-G type and protruded tumors; therefore, there is a
possibility that the carcinogenic mechanisms of these two
different forms share similar pathways. In contrast, the
LST-NG type has been reported to show a significantly
higher frequency of submucosal invasion than the LST-G
[24]
type ; thus, their carcinogenic mechanisms might
be different. Further verification of the carcinogenic
mechanisms of the LST-NG type is warranted.
To investigate the expression of the miR-320 family
in the colorectal tissue, we conducted expression analysis
of the miR-320 family in 18 FFPE samples by RT-PCR.
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Figure 3 The miR-320 family inhibits colon cancer cell proliferation. Cell proliferation in SW480 transfected with the miR-320 family was assessed by the MTS
assay, each day, for up to 5 d (aP < 0.05).

In addition to the results from our miRNA microarray
analysis, which showed differences of the miR-320
expression between colorectal adenoma and carcinoma,
qRT-PCR analyses showed progressively decreasing
expression of the miR-320 family, except miR-320d,
from non-neoplastic mucosa through adenoma to
submucosal invasive carcinoma. There are some re
ports of a relationship between miRNA and colorectal
[6,25]
adenoma
, and miR-320a was downregulated from
colorectal mucosa to low-grade dysplasia to high-grade
[6]
dysplasia to adenocarcinomas in the same sample .
Our results support these previous findings, and this
article presents the first report of the downregulation
of miR-320b in CRA, miR-320c and d in CRA and CRC,
and miR-320e in CRC. miR-320a has been shown to
effectively regulate proliferation, cell cycle, invasion,
migration, and epithelial-mesenchymal transition of
CRC, particularly in advanced stages, and is a novel
tumor and metastasis suppressor acting by directly
targeting mRNAs of neuropilin 1, β-catenin, and other
[17]
genes . We confirmed that miR-320a inhibited cell
proliferation in cancer cell lines but not how it affects
tumor progression in earlier stages of the tumor. Further,
the carcinogenic mechanisms of miR-320b, c, d, and e
are poorly understood, particularly in CRC. Therefore,
we first tried to identify novel targets of the miR-320
family to identify the carcinogenic mechanism in the
early stages of the adenoma-carcinoma sequence.

WJGO|www.wjgnet.com

The most commonly used approach to find the target
genes of miRNA is through bioinformatics algorithm.
Recent reports have provided evidence that miRNAs
may downregulate a greater number of transcripts than
[26]
previously appreciated ; we adopted the results of the
mRNA expression array analysis to narrow down the
candidates. Finally, we selected seven target genes as
common to two bioinformatics algorithms and our results
of the mRNA array.
Carcinogenesis is believed to be caused by the
dysregulation of the cell-cycle machinery. CDK6, a
cyclin-D1-dependent kinase, plays an important role in
G1/S phase transition of the cell cycle and sends signals
[27]
modulating the control of cell development . The function
[19]
of CDK6 in CRC has been shown previously , and there
are several reports on the relationships between CDK6
[28]
and miRNA in some types of cancers . Moreover, it was
reported that miR-320c inhibited tumor-like behaviors of
[29]
bladder cancer by targeting CDK6 . However, no studies
have examined the relationship between the expression of
the miR-320 family and CDK6 expression in CRC.
We confirmed the decreased expression of mRNA
and CDK6 in CRC cell lines transfected with the miR-320
family. In addition, we confirmed that CDK6 expression
was downregulated in colorectal tumor tissues and that
the expressions levels of the miR-320 family, except
miR-320c, were negatively correlated with the mRNA
expression levels of CDK6. These results suggested that
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Figure 4 The miR-320 family targets CDK6. A: Seven candidate target genes of miR-320a were identified as being common from the results of expression profiling
and two bioinfomatics algorithms. The decreased expression of 497 pieces was observed in gene expression profiling of SW480 transfected with an miR-320a mimic
and a mimic control (fold-change: < 0.67), and target genes of miR-320a were predicted by TargetScan and Pic tar; B: CDK6 has a putative miR-320 family-binding
site mapped to the 3′ UTR; C and D: mRNA and protein levels of CDK6 in colon cancer cell lines (HT29 and SW480) transfected with miR-320 family mimics and
a mimic control; E: The relative CDK6 expression level compared with that in non-neoplastic mucosa in 16 matched samples; F-J: Pearson’s correlation analysis
between the expression levels of the miR-320 family and CDK6 in 16 matched samples (aP < 0.05). UTR: Untranslated regions; 320am: miR-320a mimics; 320bm:
miR-320b mimics; 320cm: miR-320c mimics; 320dm: miR-320d mimics; 320em: miR-320e mimics; mc: Mimic control; C: Carcinoma; A: Adenoma; N: Adjacent nonneoplastic mucosa.
CRAs by polypectomy has been shown to reduce the incidence and mortality due
to CRCs. Thus, detection of colorectal tumors in the early stages has become
increasingly important in treatment and prognosis. The adenoma-carcinoma
sequence is accompanied by several genetic and epigenetic alterations, such
as mutations of cancer-associated genes and epigenetic modifications, including
changes in microRNAs (miRNAs). However, the involvement of miRNAs in the
mechanism of this sequence remains undetermined.

the miR-320 family is targeted to CDK6 in CRC and has
an influence on cell cycle. We report that the miR-320
family suppresses colorectal tumor progression by
targeting CDK6.
In our study, the effects on tumor proliferation by
overexpression of miR-320e were not observed, whereas
overexpression of miR-320c and miR-320d resulted in
a particularly strong reduction of tumor proliferation.
CDK6 expression after introduction of miR-320e mimics
in colon cancer cell lines indicated a similar tendency to
be decreased at the mRNA and protein levels, but these
were not as significant as the marked changes observed
in other members of the miR-320 family. Targets of
miRNAs can be predicted by requiring conserved WatsonCrick pairing to the 5′ region of the miRNA, known as the
[30]
miRNA seed . The seeds of miR-320e for CDK6 were
maximum 6 mer. As the seeds of other members of the
miR-320 family were maximum 8 mer, this difference
in the structure of the miR-320 family might lead to
differences in the effects on CDK6 expression. We believe
that this results give support the relationship between
miR-320 family and CDK6. Further validations of these are
required.
In conclusion, we have shown that the miR-320
family, which suppresses tumor proliferation by targeting
CDK6, is downregulated in colorectal adenoma and
early colorectal carcinoma tissue. The miR-320 family
may play an important role in the growth of colorectal
tumors and can be considered a biomarker for the early
detection of colorectal tumors.

Research frontiers

miRNAs are frequently dysregulated in human cancers, and alterations of miRNA
expression in colorectal tumors have been well documented. For example,
miRNA profiles of CRC compared with those of normal mucosa and adenoma.
However, limited reports exist on the sequential changes in miRNA expression
during histological progression from normal colonic mucosa through colorectal
adenoma to early carcinoma in a lesion from a patient. miR-320a has been shown
to effectively regulate proliferation, cell cycle, invasion, migration, and epithelialmesenchymal transition of CRC. However, the carcinogenic mechanisms of miR320b, c, d, and e are poorly understood, particularly in CRC, and needed further
exploration.

Innovations and breakthroughs

The authors investigated for the first time the sequential changes of miRNA
expression profiles in colonic lesions from matched samples; histologically,
non-neoplastic mucosa, adenoma, and submucosal invasive carcinoma were
microdissected from a tissue sample. They have shown for the first time that the
miR-320b, miR-320c, miR320d are downregulated from colorectal adenoma and
miR320e is downregulated from colorectal submucosal carcinoma tissue and the
miR-320 family suppresses tumor proliferation by targeting CDK6.

Applications

This study suggests that the miR-320 family affects colorectal tumor proliferation
by targeting CDK6, plays an important role in the growth of colorectal tumors.
From these results, miR-320 family is considered as a biomarker for early
detection of colorectal tumor.

Terminology

COMMENTS
Comments

The adenoma-carcinoma sequence is accompanied by several genetic and
epigenetic alterations, such as mutations of cancer-associated genes and
epigenetic modifications, including changes in DNA methylation, histone
modifications, and miRNAs. miRNAs are small (19-23 nucleotide) endogenous
non-coding RNAs that regulate gene expression by targeting the 3′ untranslated

Background

According to the adenoma-carcinoma sequence, colorectal adenoma (CRA) is
considered to be a precursor lesion of colorectal cancer (CRC); the removal of

WJGO|www.wjgnet.com
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region of mRNA. miRNAs play fundamental roles in various biological processes.

14

Peer-review

The manuscript by Tadano et al investigated the expression of miRNA in
colorectal adenoma and submucosal invasive carcinoma and revealed miR-320
family affects colorectal tumor proliferation by targeting CDK6. This article is
overall interesting and gives new insight in the field of dysregulation of miRNAs
and colorectal cancer.
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