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Abstract Transforming growth factor (TGF)-β1 is a signifi-
cant stimulator of tumor invasion and metastasis. More recent-
ly, it has been found that TGF-β1 acts through microRNAs to
regulate their target genes to promote cancer progresses.
However, such similar regulation is rarely reported in colorec-
tal cancer (CRC). Here, we observed a decrease in TGF-β1
expression in CRC specimens, compared with matched adja-
cent normal tissues. In parallel, there was an increase in miR-
130b characterized in the same samples by microarray assay.
Further, treatment of CRC cells with TGF-β1 caused a signif-
icant decrease in the expression of miR-130b and an increased
CRC cell migration. Luciferase reporter assay revealed that
miR-130b directly targeted the 3′ untranslated region (3′
UTR) region of integrin α5 gene, which encodes a key mol-
ecule involved in cell motility. Subsequently, in the overex-
pression of miR-130b CRC cells, we observed a decreased
level of integrin α5 protein. The regulation of integrin α5 by

miR-130b was further shown using the miR-130b mimics and
inhibitor of miR-130b. And, knockdown miR-130b with in-
hibitor in the overexpression of miR-130b CRC cells recov-
ered integrin α5 expression and integrin α5-mediated cell
motility. Moreover, the inverse relevance between miR-130b
and integrin α5 was also observed in CRC specimens. At last,
the enhancement of integrin α5 in TGF-β1-treated cells can
be reversed partly when rescuing miR-130b expression.
Together, our findings suggested that TGF-β1 acted through
miR-130b to promote integrin α5 expression, resulting in the
enhanced migration of CRC cells.
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Introduction

Colorectal cancer (CRC) is one of the most common diag-
nosed cancers and the fourth leading cause of cancer death
worldwide [1]. Metastasis causes death in many cancers, in-
cluding CRC [2–4]. Therefore, a better understanding of the
underlying molecular mechanisms causing metastasis would
be beneficial to the development of effective therapeutic strat-
egies for CRC. Transforming growth factor (TGF)-β1 is a
polypeptide with multifunction and regulates various biolog-
ical processes including proliferation, apoptosis, and differen-
tiation [5, 6]. It is well known that TGF-β1 can strongly stim-
ulate metastasis of tumor cells [7]. Cancer cells secrete abun-
dant TGF-β1 then respond to it, resulting in an enhanced
metastasis both in vitro and in vivo [8, 9]. Previous studies
suggested that the expression of TGF-β1 is excess in CRC
and is associated with cancer progression [10]. However, the
mechanism of TGF-β1 in CRC is not well understood.

MicroRNAs (miRNAs) are endogenous single-stranded,
small (22 nucleotides on average), non-coding RNAs. It is
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well known that miRNAs play crucial roles in regulation of
gene expression by binding to the 3′ untranslated region (3′
UTR) of their target messenger RNA (mRNAs) to inhibit
protein translation or to induce mRNA degradation [11, 12].
Accumulating evidence shows that miRNAs influence a lot of
cancer-related processes such asmetastasis. More importantly,
microRNAs have been already utilized as diagnostic bio-
markers and therapeutic targets in the clinic trial [13].
Recently, a systemic meta-analysis of 33 comparisons, con-
taining 4000 tumor and matched normal tissues, reported that
miR-130b is a new tumor-related miRNA and is significantly
dysregulated in cancers [14]. Inhibition of miR-130b by defi-
ciency of TAp63 leads to increased metastasis in the TAp63
knockout mice [15]. In addition, the suppression of miR-130b
by p53 mutant can enhance the ability of invasion mediated
with ZEB1 in endometrial cancer cells [16]. These data sug-
gested that miR-130b has a significant inhibitory impact on
motility of cancer cells.

Recently, studies from independent laboratories demon-
strated that TGF-β1 can regulate some microRNAs and their
target genes in various diseases [17–19]. The latest report
suggested that miR-130b modulated by TGF-β1 plays key
roles in the pathogenesis of diabetic nephropathy (DN) [17].
Interestingly, a study reported that gastric cancer cells treated
with TGF-β1 express 847 human miRNAs, only three
microRNAs are significantly downregulated, and miR-130b
is one of them [20]. Moreover, we previously investigated the
microRNA expression using microRNA microarray profiling
of colorectal tumors and matched adjacent normal tissue sam-
ples and characterized that miR-130b is ranked on the top four
position of dysregulated miRNAs in CRC [21]. However, the
relation of TGF-β1 and miR-130b in colorectal cancer is rare-
ly reported. In the study, we observed decreased miR-130b
and increased integrin α5 in TGF-β1-treated CRC cells. To
gain insight on the relations of TGF-β1, miR-130b, and
integrin α5 in CRC, we investigated these three important
functional molecules in CRC cells and CRC specimens. Our
data suggested that integrin α5 was a new target gene of miR-
130b and TGF-β1 acted, at least in part, through miR-130b to
promote integrin α5 expression, resulting in the enhanced
migration of CRC cells.

Materials and methods

Clinical specimens

Colorectal cancer and matched adjacent normal tissue speci-
mens were obtained from 39 patients at Beijing Hospital,
Ministry of Health (Beijing, China) after surgical resection.
The tumor tissues and matched adjacent normal tissues were
frozen in liquid nitrogen after resection. No patient in the
current study received chemotherapy or radiation therapy

before the surgery. The clinicopathologic features of 39 pa-
tients were shown in Supplementary Table 1. All patients pro-
vided informed consent form for using their tissues, according
to the Declaration of Helsinki. The study protocol was ap-
proved by the Ethics Committee of Beijing Institute of
Geriatrics, Ministry of Health.

Cell culture

The human colorectal cancer cell line SW480 was purchased
from the Cell Resource Center, IBMS, CAMS/PUMS and
passed in less than 6 months. SW480 cells that stably
overexpressed miR-130b (Lenti-miR-130b cells) and the re-
spective control cells (Lenti-vector cells) were constructed as
described previously [21]. Cells were cultured in RPMI-1640
(Gibco, Paisley, UK) with 10 % FBS (Gibco, Paisley, UK),
2 mmol/L L-glutamine (Gibco, Paisley, UK), 100 U/mL of
penicillin (Gibco, Paisley, UK), and 100 μg/mL of streptomy-
cin sulfate (Gibco, Paisley, UK). The lentiviral vector that we
generated expressed primary miR-130b, and it requires
microRNA biogenesis to generate mature microRNAs in
cells. The stable cell lines were maintained in complete
growth medium in the presence of 1 mg/mL hygromycin
(Roche Applied Science , Mannheim, Germany).
Recombinant human TGF-β1 was purchased from
Invitrogen (Carlsbad, USA) and used at a final concentration
of 10 or 20 ng/mL.

RNA reversed transcription and quantitative real-time
PCR assays

The total RNA, including small RNA, was extracted from the
clinical specimens or from the CRC cells and subjected to
reverse transcription. Quantitative real-time PCR (qRT-PCR)
was performed using the SYBR Premix Ex Taqmix (TaKaRa,
Dalian, China) according to the manufacturer’s instructions,
and the samples were run on an iQ5 Multicolor Real-Time
PCR Detection System (Bio-Rad, Hercules, USA). Thermal
reaction cycles of 95 °C for 30s and 45 repetitions of 95 °C for
5 s and 60 °C for 20s were used. The primers used for qRT-
PCR were as follows:

TGF-β1 forward 5′-GGACACCAACTATTGCTTCAG-3′;
TGF-β1 reverse 5′-TCCAGGCTCCAAATGTAGG-3′;
i n t e g r i n α5 gene ( ITGA5 ) f o rwa rd 5 ′ -AATTT
GACAGCAAAGGCTCTCGGC-3′; ITGA5 reverse 5′-
ACCACTGCAAGGACTTGTACTCCA-3′; glyceraldehyde
3-phosphate dehydrogenase (GAPDH) forward 5 ′-
CAACAGCCTCAAGATCATCAGCA-3′; GAPDH reverse
5′-TGGCATGGTCTGTGGTCATGAGT-3′; hsa-miR-130b
forward 5′-GCCGCCAGTGCAATGATGAA-3′; hsa-miR-
130b reverse 5′-GTGCAGGGTCCGAGGT-3′; U6 forward
5′-CGCTTCGGCAGCACATATACTA-3′; U6 reverse 5′-
CGCTTCACGAATTTGCGTGTCA-3′.
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3′UTR reporter vector and Luciferase reporter assay

The wild-type full-length 3′UTR fragment of the ITGA5 was
amplified by PCR from human genomic DNA. The seed se-
quences of miR-130b on 3′UTR of ITGA5 were predicted by
PICTAR5 (http://pictar.mdc-berlin.de/). The predicted seed
sequences were deleted from 3′UTR of ITGA5 using
overlapping PCR method. The primers are as follows: ITGA5
forward 5′-GCTCAGCTCAAGCCTCCAGCCACC-3′; ITGA5
o v e r l a p p i n g r e v e r s e 5 ′ - G TAAACAAGGGT
CCTTCTGGGGGGGAGGGAT-3′; ITGA5 overlapping
forward 5 ′ -ATCCCTCCCCCCCTGAAGGACCC
TTGTTTAC-3′; ITGA5 reverse 5′-ATGAGGGGCAG
CATGCTGGCAGGCAGA-3′.

The SacI-XhoI-digested products were cloned into a
pmirGlo Dual-Luciferase miRNA Target Expression Vector
(Promega, Madison, USA) to form 3′UTR-luciferase reporter
vector. The SW480 cells were cotransfected in 24-well plates
using Lipofectamine 2000 (Invitrogen, Carlsbad, USA) with
3′UTR-luciferase reporter vector and the indicated miRNAs.
Twenty-four hours after transfection, firefly and Renilla lucif-
erase activities were measured consecutively using Dual-
Luciferase Reporter Assay System (Promega, Madison,
USA) with INFINITE 200 Pro multimode reader (TECAN,
Mannedorf, Switzerland). The firefly luciferase activity was
normalized by Renilla luciferase activity for transfection
efficiency.

Cell transfection

The hsa-miR-130b mimics, hsa-miR-130b inhibitor (anti-
miR-130b), and control mimics were synthesized by
Ribobio (Guangzhou, China). The sequences used were as
fo l lows: hsa-miR-130b mimics 5 ′ -CAGUGCAA
UGAUGAAAGGGCAU-3′, hsa-miR-130b inhibitor 5′-
AUGCCCUUUCAUCAUUGCACUG-3′. siRNA against
integrin α5 was purchased from Santa Cruz Biotechnology
(Santa Cruz, USA). The SW480 cells were transfected using
RNAiMax (Invitrogen, Carlsbad, USA) or Lipofectamine
2000 (Invitrogen, Carlsbad, USA) according to the manufac-
turer’s instructions.

Cell migration assay

Cell migration assay was evaluated using transwell chambers
(8 μm, BD Bioscience, San Jose, USA). Cells (5×105) were
placed into the upper chamber of each insert coated with
20 μg/mL fibronectin (FN) (Invitrogen, Carlsbad, USA),
and 500 μL of complete medium was added to the bottom
well. The cells that had not migrated were removed from the
upper surfaces of the filters using cotton swabs, and the cells
that had migrated to the lower surfaces of the filters were fixed
with 4 % paraformaldehyde solution and stained with 0.1 %

crystal violet. Images of three random fields were captured
from each membrane, and the number of migratory cells was
counted.

Western blotting

Proteins were separated by SDS-PAGE and transferred to a
PVDF membrane (Millipore, Billerica, USA). The membrane
was blocked with 5 % non-fat milk and incubated with rabbit
anti-integrin α5 (1/1000, Santa Cruz Biotechnology, Santa
Cruz, USA) and mouse anti-GAPDH (1/10000, Sigma, St.
Louis, USA) antibodies.

Immunofluorescent staining

The cells were grown on cover glasses, fixed with 4 % para-
formaldehyde for 10 min. After incubation with 5 % BSA for
1 h, the cells were stained with an antibody against integrinα5
(1/200, Santa Cruz Biotechnology, Santa Cruz, USA) over-
night at 4 °C followed by incubation with Alexa Fluor 488
donkey anti-rabbit antibody (1/1000, Invitrogen, Carlsbad,
USA) for 1 h. DNA was stained using 1 μg/mL DAPI
(Invitrogen, Carlsbad, USA). The fluorescent signal was de-
tected by a confocal microscopy (A1 Confocal Laser
Microscope System, Nikon, Japan).

Statistical analysis

Data were processed using SPSS 16.0. Data that follow nor-
mal distribution were denoted as the mean±SD. A compari-
son between data of the two groups was performed using
Student’s t test (two-tailed distribution). The expression data
of TGF-β1, miR-130b, and integrin α5 of 39 human colorec-
tal cancers and matched adjacent normal samples which do
not follow normal distribution were processed by Wilcoxon
signed-rank test. Spearman’s rho was used to measure the
correlation between the expression of TGF-β1, miR130b
and integrin α5 because they may not be normally distributed.
Two-tailed P value <0.05 was defined as statistic significant.

Results

TGF-β1 decreased the expression of miR-130b
and promoted migration of CRC cells

Based on the microRNA expression profiles in three colorectal
tumors and adjacent normal tissue samples, we reported using
the Affymetrix’s GeneChip microRNA array (GEO accession
number GSE53592); we found that miR-130b was consistently
upregulated in all three CRC specimens, compared to matched
adjacent normal tissues (Fig. 1a). We then used qRT-PCR to
confirm the miR-130b expression in these CRC specimens.
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Consistent with the microarray readouts shown in Fig. 1a, the
qRT-PCR results showed the enhanced expression ofmiR-130b
in the CRC specimens (Fig. 1b). Because recent studies have
indicated that miR-130b can be modulated by TGF-β1 in dia-
betic nephropathy [17] as well as gastric cancer [20], we further
examined TGF-β1 expression in these CRC specimens and
observed the decreased TGF-β1 in the same tumor tissues
(Fig. 1b). Next, we tested whether miR-130b can be regulated
by TGF-β1 in CRC cells (the human colon cancer cell line
SW480 cells). The levels of miR-130b from the SW480 cells

treated with TGF-β1 were analyzed with qRT-PCR (Fig. 1c).
We found that in contrast to controls, TGF-β1 (10 and 20 ng/
mL) for 24 h caused about 0.4-fold decrease and about 0.36-
fold decrease in miR-130b expression levels, respectively. To
further test the relationship between TGF-β1 and miR-130b,
we extended our analysis in 39 human colorectal tumor tissues
through examining the expression levels of miR-130b and
TGF-β1 by qRT-PCR. We found that an inverse relevance be-
tween miR-130b and TGF-β1 expression existed in 36 of 39
(92 %) tumor tissues (Fig. 1d).

Fig. 1 TGF-β1 reduced the expression of miR-130b and promoted cell
migration. a Relative expressions of miR-130b (normalized to U6) in
tumors over matched adjacent normal tissues (T/N), using the
Affymetrix’s GeneChip miRNA array chip V1.0. The tumors were
referred to T1, T2 and T3. The matched adjacent normal tissues were
referred to N1, N2 and N3. b Relative expressions of miR-130b
(normalized to U6) and TGF-β1 (normalized to GAPDH) in tumors
over matched adjacent normal tissues (T/N) determined by qRT-PCR
(mean± SD; n= 3). c qRT-PCR analysis of relative expressions of miR-
130b (normalized to U6) in SW480 cells treated without or with 10 and
20 ng/mL TGF-β1 for 24 h (mean ± SD; n = 3; *, P< 0.05). d Heat map
diagram indicated the expression of TGF-β1 and miR-130b in 39
colorectal cancer tissues detected by qRT-PCR. The tumors were

referred to T1 to T39 and were shown in columns. The expression of
TGF-β1 and miR-130b were shown in rows. Expression data were
adjusted by mean center and natural logarithm using Cluster 3.0. Red
and green color represented a high and low expression, respectively.
The relative levels of expression were indicated using a color scale.
The Spearman’s rho of negative correlation was −0.47 (P
value = 0.008). e Transwell migration assays of SW480 cells treated
without or with 10 ng/mL TGF-β1 for 24 h (scale bar= 100 μm; mean
± SD; n = 3; *P < 0.05). Representative images of migrated cells were
shown (a–b). qRT-PCR analysis of relative expressions of miR-130b
(normalized to U6) in SW480 cells from the same pool of cells utilized
in a (mean ± SD; n= 3; *P< 0.05) (c)
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It is well known that TGF-β1 can strongly stimulate the
metastasis of tumor cells [8]. We next subjected SW480 cells
to migration assay to examine the effect of TGF-β1 on cell
migration of CRC cells. An evident increase in cell migration
was observed after 24 h of 10 ng/mLTGF-β1 treatment (Fig. 1e
(a–b)) and 20 ng/mL TGF-β1 treatment (Supplementary
Fig. 1). As shown in Fig. 1e (c), a decrease in miR-130b was
also observed in the same pool of cells subjected for migration
assay in Fig. 1e (a). Moreover, previous studies have reported
that miR-130b has a notably inhibitory effect on migration of
various types of cancer cells [15, 16, 21]. Taken together, we
hypothesized that miR-130b and its target might involve cell
migration process stimulated by TGF-β1 in CRC cells.

miR-130b targeted integrin α5 3′UTR

To test our hypothesis, we firstly predicated miR-130b poten-
tial targets using PicTar; the result showed that integrin α5, a
key molecule involved in cell motility, was a putative target of
miR-130b (Fig. 2a). The integrin family members are hetero-
dimeric transmembrane receptors for ECM and have many
important functions, such as development, cell proliferation,
apoptosis, and malignant transformation [22]. The FN recep-
tor integrin α5 is one of representative receptors and has key
roles in tumor metastasis [23]. Our previous studies have
shown that the post-translational modification has extensive
implications in integrin α5-mediated cell migration [24]. In
this study, we found that integrin α5 has conserved binding
sites for miR-130b (Fig. 2a). As shown in Supplementary
Fig. 2, the putative binding sites with the seed region of
miR-130b were at 187–193 and 902–908 bp of integrin α5
3′UTR, respectively. To determine whether miR-130b directly
targets integrin α5 in CRC cells, we conducted luciferase
reporter assays. The pmirGlo Dual-Luciferase Reporter
Vector containing the full-length wild-type 3′UTR of integrin
α5 gene was shown in Fig. 2b. We co-transfected the cells
with pmirGlo vector carrying the wild-type integrinα5 3′UTR
and miR-130b mimics. The result exhibited significantly low-
er activity of luciferase than that of the cells transfected with
the same luciferase reporter plasmid and control microRNA
mimics (NC) (Fig. 2c). To further confirm the target binding
between integrin α5 3′UTR and miR-130b, mutagenesis as-
says were performed. The effect of miR-130b on luciferase
activity was eliminated when the predicated binding sites of
miR-130b were deleted from the 3′UTR of integrin α5
(Fig. 2b, c). Together, these data showed that miR-130b
targeted integrin α5.

Downregulation of integrin α5 expression by miR-130b

Next, to further confirm the regulation ofmiR-130b to integrin
α5, we tested the integrin α5 protein level in the CRC cells
transfected with miR-130b mimics and miR-130b inhibitor

(anti-miR-130b), respectively (Fig. 3a, b). miR-130b mimics
are chemically synthesized and designed to mimic endoge-
nous mature miR-130b. The results showed that the expres-
sion of integrin α5 was suppressed after transfection with
miR-130b mimics (Fig. 3a). Knockdown endogenous miR-
130b using miR-130b inhibitor (anti-miR-130b) boosted
integrin α5 expression (Fig. 3b). We further examined the
regulation of miR-130b to integrin α5 expression in SW480
cells, which stably overexpresses miR-130b (Lenti-miR-130b
cells) and the respective control cells (Lenti-vector cells)
(Fig. 3d). Results showed that endogenous integrinα5 protein
levels in two Lenti-miR-130b cell lines were decreased by
approximate 64 and 42 %, respectively, compared with that
of the Lenti-vector cells (Fig. 3c). As integrin family is trans-
membrane proteins, we then performed immunofluorescence
staining to show the expression of integrin α5 with confocal
microscopy. Consistent with data in Fig. 3a, b, c, reduced
integrin α5 expression was observed in Lenti-miR-130b cells
compared to the Lenti-vector cells (Fig. 3e (a)), and increased
integrin α5 expression was observed in miR-130b inhibitor-
treated cells compared to the control cells (Fig. 3f (a)).
Moreover, as shown in Fig. 3e (b), f (b), similar changes in
integrin α5 expression also exhibited in the same pool of cells
subjected for immunofluorescence staining in Fig. 3e (a), f (a),
respectively. Together, our data suggested that integrinα5 was
a novel target gene of miR-130b and miR-130b can directly
downregulate integrin α5 expression in CRC cells. To further
test the relationship between miR-130b and integrin α5, we
performed qRT-PCR to examine the expressions of miR-130b
and integrin α5 in 39 colorectal tumor tissues. As shown in
Fig. 3g, an inverse relevance between miR-130b and integrin
α5 expression was found in 35 of 39 (90%) clinical
specimens.

TGF-β1 increased the expression of integrin α5
through inhibition of miR-130b in CRC cells

Given that TGF-β1 induced a decrease in miR-130b and miR-
130b suppressed its target-integrin α5 expression in CRC
cells, we then test whether TGF-β1 can promote integrin α5
expression in CRC cells. As shown in Fig. 4a, TGF-β1 (10
and 20 ng/mL) for 24 h caused approximately 0.57-fold in-
crease and 0.3-fold increase in integrinα5 expression levels in
SW480 cells, respectively. Next, enhancement of integrin α5
by TGF-β1 can be reversed by about 30 % after transfection
of miR-130b mimics (Fig. 4b), suggesting that TGF-β1 in-
creased the expression of integrin α5 through inhibition of
miR-130b. Moreover, integrin α5 expression was recovered
by about 72% when treated the overexpression of miR-130b
CRC cells withmiR-130b inhibitors (Fig. 4c). Overexpression
of miR-130b led to a decrease in cell migration of two CRC
cell lines (Fig. 4d), and such decrease can be rescued after
treatment of miR-130b inhibitors (Fig. 4e). Moreover, the
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knockdown of integrin α5 also led to a decrease in cell mi-
gration of SW480 cells (Fig. 4f, g). All these data above indi-
cated that miR-130b suppressed its target-integrin α5 expres-
sion, resulting in inhibition of integrin α5-mediated migration
of CRC cells.

We further extended our analysis by comparing tumors to
normal tissues to detect the relationship of these three mole-
cules in 39 pairs of clinical specimens. The inverse relevance
between TGF-β1 and miR-130b-integrin α5 axis was ob-
served in 18 out of 39 pairs of these clinical specimens

(Fig. 5a). Compared to the matched adjacent control tissues
(N), ten colorectal cancer tissues (T) consistently showed in-
creased TGF-β1 (P = 0.005), decreased miR-130b
(P=0.005), and increased integrin α5 (P=0.005) (Fig. 5b).
Conversely, eight colorectal cancer tissues (T) showed de-
creased TGF-β1 (P = 0.008), increased miR-130b
(P=0.018), and decreased integrin α5 (P=0.008) (Fig. 5c).

Taken together, our findings suggested that TGF-β1 in-
creased integrin α5, at least in part, through inhibition of
miR-130b, resulting in enhanced motility of CRC cells.

Fig. 2 miR-130b directly targeted integrin α5. a Predicted duplex
formation between hsa-miR-130b (top) and integrin α5 3′UTRs
(bottom). Potential complementary residues were shown in bold.
Sequence of the miR-130b-binding sites within the integrin α5 3′UTR
of Homo sapiens (Human), Mus musculus (Mouse), Pan troglodytes
(Chimpanzee), and Canis lupus familiaris (Dog) are highly conserved.
b The potential binding sites of integrin α5 3′UTRwith the seed region of
miR-130b (an exact 7-nt match underlined). The WT integrin α5 3′UTR
contained a putative binding site with the seed region ofmiR-130b, which
was deleted in Mut integrin α5 3′UTR (upper panel). Schematic diagram

showing pmirGlo Dual-Luciferase Reporter Vector with a 1049 bp
fragment of the WT integrin α5 3′UTR, which contains two miR-130b
binding sites (position 187–193 bp and position 902–908 bp) (middle
panel). Mutant integrin α5 3′UTR where two putative miR-130b
binding sites were deleted (lower panel). BX^ represented deletion. c
The pmirGlo Dual-Luciferase Reporter Vector containing either a WT
3′UTR or a mutant 3′UTR was co-transfected with miR-130b mimics
(miR-130b) or control miR mimics (NC), respectively. The firefly
luciferase activity was measured and normalized to Renilla luciferase
activity (mean ± SD; n= 12; **P< 0.01)
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Discussion

In this study, we observed that TGF-β1 decreased the
expression of miR-130b in CRC cells and increased cell
migration (Fig. 1). miR-130b has been revealed as an
anti-metastatic miRNA and is significantly dysregulated
in various types of cancers: gastric cancer [25, 26],
cutaneous malignant melanoma [27], head and neck
squamous cell carcinoma [28], and bladder cancer

[29]. As mentioned before, in the TAp63 knockout
mouse model, downregulation of miR-130b by the defi-
ciency of TAp63 led to an increase in cancer metastasis
[15]. The inhibition of miR-130b by a p53 mutant
caused the enhanced invasion of endometrial cancer
cells [16]. On the contrary, it is well known TGF-β1
acts as a significant stimulator of tumor invasion and
metastasis underlying the tumor progresses [8].
Moreover, accumulating data suggested that TGF-β1

Fig. 3 miR-130b suppressed the expression of integrin α5. a, bWestern
blot analyses of integrin α5 expression in the SW480 cells transfected
with NC or miR-130b mimics (a) and miR inhibitor control (anti-NC) or
miR-130b inhibitor (anti-miR-130b) (b). Densitometry analysis of the
Western blot data normalized with GAPDH (mean ± SD; n = 4;
*P< 0.05). c Western blot analyses of integrin α5 protein expression in
Lenti-control cells and two Lenti-miR-130b cell lines (referred to 1, 2).
Densitometry analysis of the Western blot data normalized with GAPDH
(mean ± SD; n = 4; *P < 0.05, **P < 0.01). d qRT-PCR analyses of
relative expressions of miR-130b (normalized to U6) in Lenti-control
cells and two Lenti-miR-130b cell lines (referred to 1, 2) from the same
pool of the cells utilized in panel c (mean ± SD; n = 4; *P < 0.05,
**P< 0.01). e, f Immunofluorescence staining of integrin α5 (green) in
Lenti-control cel ls and Lent i-miR-130b cells (e (a)) and
immunofluorescence staining of integrin α5 (green) in miR-130b

inhibitor-treated SW480 cells (anti-miR-130) and control-treated cells
(anti-NC) (f (a)) by confocal microscopy demonstrated expression of
integrin α5. Overlay of integrin α5 (green) and nuclear 4,6-diamidino-
2-phenylindole (DAPI; blue) staining of the same filed. Scale
bar = 50 μm. e (b) and f (b), Western blot analysis of integrin α5
expressions in the corresponding cells from the same pool of cells
utilized in e (a) or f (a). g Heat map diagram indicated the expression
of miR-130b and integrin α5 in 39 colorectal cancer tissues detected by
qRT-PCR. The tumors were referred to T1 to T39 and were shown in
columns. The expressions of miR-130b and integrin α5 were shown in
rows. Expression data are adjusted by mean center and natural
logarithm using Cluster 3.0. Red in the color bar indicated higher
expression, and green indicated lower expression. The Spearman’s rho
of negative correlation was −0.42 (P value = 0.021)
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exerted the regulation of some microRNAs and their
key target genes in some diseases, including cancers
[30]. A latest study suggested that TGF-β1 seems to
downregulate the post-transcriptional activity of miR-
130b host gene RIK, therefore suppressed the expression
of miR-130b during the pathogenesis of diabetic ne-
phropathy [17]. miR-130b is located at the intron of

the non-coding RNA, 2610318N02RIK (RIK), and its
expression is dependent on the transcription of RIK
gene. The study further suggested that TGF-β1 down-
regulated three functional NF-YCs, which bind to the
promoter of RIK to regulate the post-transcriptional ac-
tivity of the RIK gene [17]. Thus, understanding the
mechanism by which TGF-β1 downregulates NF-YC,

Fig. 4 TGF-β1 increased the expression of integrin α5 through
decreasing miR-130b in CRC cells. a Western blot analyses of integrin
α5 expression in SW480 cells treated without or with 10 and 20 ng/mL
TGF-β1 for 24 h. Densitometry analysis of the Western blot data
normalized with GAPDH (mean ± SD; n= 4; *P< 0.05). b Western blot
analyses of integrinα5 expression in SW480 cells treated without or with
10 ng/mLTGF-β1 for 24 h then transfected with either NC or miR-130b
mimics. Densitometry analysis of the Western blot data normalized with
GAPDH (mean ± SD; n = 3; *P < 0.05). c Western blot analyses of
integrin α5 expression in Lenti-miR-130b cells after transfection of
miR inhibitor control (anti-NC) or miR-130b inhibitor (anti-miR-130b).
Densitometry analysis of the Western blot data normalized with GAPDH
(mean ± SD; n = 3; *P< 0.05). d Transwell migration assays of Lenti-

control cells and Lenti-miR-130b cells (scale bar = 100 μm; mean
± SD; n= 4; *P< 0.05, **P< 0.01). Representative images of migrated
cells were shown. e Transwell migration assays of Lenti-miR-130b cells
after transfection of miR inhibitor control (anti-NC) or miR-130b
inhibitor (anti-miR-130b) (scale bar = 100 μm; mean ± SD; n = 3;
*P < 0.05). Representative images of migrated cells were shown. f
Western blot analyses analyzed the expression of integrin α5 in SW480
cells transfected with a siRNA against integrin α5 (α5 siRNA) or
negative control siRNA (scramble) at 100 nM. Densitometry analysis of
the Western blot data normalized with GAPDH (mean ± SD; n = 4;
**P< 0.01). g Transwell migration of SW480 cells transfected with α5
siRNA or scramble at 100 nM (scale bar= 100 μm; mean ± SD; n= 4;
**P< 0.01). Representative images of migrated cells are shown
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RIK, and miR-130b would be beneficial in the further
elucidating the importance of such regulation in CRC.

miRNAs exert important functions by targeting their target
genes. Here, we identified that integrin α5 was a novel target
of miR-130b. Integrinα5 has been known to play crucial roles
in promoting tumor metastasis [23]. Our data showed a de-
creased level of integrin α5 protein due to overexpression of
miR-130b in CRC cells; miRNA mimic and inhibitor experi-
ments further indicated that miR-130b downregulated the ex-
pression of integrin α5 (Fig. 3). The luciferase reporter assays
showed that the binding of miR-130b to the 3′UTR of integrin
α5 was specific, as mutant 3′UTR vector lacking the miR-

130b binding sites did not respond to miR-130b (Fig. 2).
Moreover, knockdown miR-130b in miR-130b overexpres-
sion of CRC cells recovered integrin α5 expression and its
mediated cell motility (Fig. 4). Thus, our data suggested that
miR-130b targetly regulated integrin α5 and miR-130b sup-
pressed cell migration of CRC cells, at least in part, through
downregulation of integrin α5. The inhibition of CRC cell
migration through directly targeting integrin α5 is consistent
with the anti-metastatic role of miR-130b [15, 16].
Nonetheless, one miRNA may regulate over 200 target genes
on average [31]; our data cannot exclude the existence of
uncharacterized miR-130b targets that are implicated in the

Fig. 5 Inverse relevance between TGF-β1 and miR-130b-integrin α5
axis in CRC specimens. a The relationship of TGF-β1, miR-130b, and
integrin α5 in 39 pairs of clinical specimens were examined, and the
inverse relevance between TGF-β1 and miR-130b-integrin α5 axis was
observed in 18 out of 39 pairs of clinical specimens. The upward arrows
referred to the increased expression level in tumor (T) compared to that of
matched normal tissue (N). The downward arrows referred to the
decreased expression level in tumor (T) compared to that of matched

normal tissue (N). b, c Box plots indicated median, 25th, and 75th
percentiles. Whiskers represented 5th and 95th percentiles. Bo^
represented outlier and Basterisk^ represented extreme values. P values
were from Wilcoxon signed-rank test. b Compared to the matched
adjacent control tissues (N), ten colorectal cancer tissues (T) showed
consistently increased TGF-β1, decreased miR-130b, and increased
integrin α5. c Eight colorectal cancer tissues (T) showed decreased
TGF-β1, increased miR-130b, and decreased integrin α5
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migration in a manner similar to the consequences of de-
creased integrin α5 expression.

TGF-β1 could strongly stimulate metastasis of cancer
cells; one of the possible reasons is that TGF-β1 can increase
expressions of some integrins including integrin α5 in hepa-
tocellular carcinoma cells and lung cancer cells [32–36]. In the
study, we found that TGF-β1 stimulated migration of CRC
cells. Consistently, TGF-β1 increased the expression of
integrin α5 (Fig. 4a). TGF-β1 appeared to stimulate a higher
expression of integrin through Ets-dependent transcriptional
regulation in HepG2 cells [35]. In our current study, we found
that TGF-β1 suppressed miR-130b expression in CRC cells.
And, miR-130b can negatively regulate its target-integrin α5.
Further, the enhancement of integrin α5 expression in
TGF-β1-treated CRC cells can be reversed partly when res-
cuing miR-130b expression by transfection of miR-130b
mimics (Fig. 4b). Together, our findings suggested that
TGF-β1 enhanced integrin α5 expression, at least in part,
through decreasing miR-130b, by which to promote motility
of CRC cells. Besides the stimulation of integrin α5 expres-
sion by TGF-β1, it was reported recently that TGF-β1 could
phosphorylate integrin α5-mediated signal molecules through
Smad-2 and Smad-3 in liver cancer, suggesting that TGF-β1
promoted tumor process by affecting the functional status of
integrin α5 [37]. However, we cannot preclude the possibility
that uncharacterized biological pathways may act the similar
role. Mechanisms regarding regulation of TGF-β1 to integrin
α5 need to be further explored.

In summary, our data suggested that integrin α5 was a
novel target gene of miR-130b and TGF-β1 acted, at least in
part, through miR-130b to promote integrin α5 expression,
resulting in the enhanced migration of CRC cells.
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