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ARTICLE INFO ABSTRACT

Keywords: miR-182 was revealed to be upregulated in colorectal cancer (CRC) and contributed to CRC development.
miR-182 However, the detailed molecular mechanism of miR-182 in the progression of CRC remains largely elusive.
DAB2IP Herein, miR-182 was upregulated in CRC serum samples, CRC tissues and cells. miR-182 expression was evi-
CRC dently reduced in postoperative serum samples, compared with preoperative serum samples, whereas miR-182
Proliferation . . . .

Invasion expression was re-elevated in serum samples from CRC patients who developed postoperative recurrence.

Exogenous miR-182 promoted the proliferation, colony formation, increased ki67 level and facilitated the in-
vasion capability of CRC cells by enhancing the expressions of MMP-2 and MMP-9, while inhibition of miR-182
showed the opposite effects. Additionally, miR-182 was demonstrated to target DAB2IP and suppress its ex-
pression in CRC cells. Downregulation of miR-182 inhibited CRC tumor growth in vivo by upregulating DAB2IP.
Moreover, restoration of DAB2IP attenuated miR-182-mediated activation of the PI3K/Akt/mTOR and Wnt/(3-
catenin pathways in CRC cells. Taken together, our findings showed that miR-182 exerted its oncogenic role in
CRC by targeting DAB2IP, which may be involved in activating the PI3K/Akt/mTOR and Wnt/p-catenin path-

Tumor growth

ways, shedding a novel light on the molecular mechanism of CRC tumorigenesis.

1. Introduction

Colorectal cancer (CRC) remains one of the most life-threatening
cancers worldwide, particularly when it reaches the advanced stage
(Brenner et al., 2014). The previous results of a survey have shown that
new 93,090 patients are diagnosed with CRC and 49,700 patients die of
the disease in the United states in 2015 (Siegel et al., 2015). Nowadays,
although great improvements in diagnose and therapeutic strategies for
CRC have been made, the prognosis for patients with advanced CRC
remains dismal, which is mainly attributed to distant metastases or
recurrence (Haggar and Boushey, 2009). Substantive studies have
suggested that alterations in many oncogenes and tumor suppressor
genes as well as deregulated signaling pathways contribute to the tu-
morgenesis and progression of CRC (Ogino et al., 2011). However, the
molecular and genetic bases of colorectal carcinogenesis still remains
poorly understood. Hence, there is a need to better explore the mole-
cular mechanism of CRC metastasis.

microRNAs (miRNAs) are a class of small non-coding RNA mole-
cules with length of 19-24 nucleotides and participate in down-
regulating expression of target genes (Bartel, 2009).They are emerging

as important regulators of broad biological processes, such as pro-
liferation, apoptosis, invasion, migration and tumorigenesis (Mendell,
2005). More recently, literature has emerged that offers that miRNAs
are capable of serving as either oncogenes or tumor suppressor genes,
which is depending on the specific-tumor type or their target mRNAs
(Croce, 2009). It has been proposed that aberrant miRNA expression
undoubtedly contributed to the tumorigenesis and cancer progression
in various tumors including CRC (lorio and Croce, 2009; Xuan et al.,
2015). miR-182, located on human chromosome 7q32.2, is transcribed
from the cluster of the miR-183 family and highly expressed in the
retina during embryo development (Xu et al., 2007). Recent reported
research reveals that increased expression of miR-182 is observed in
CRC, which is related to the poor prognosis of patients with CRC (Liu
et al., 2013; Wang et al., 2014). Moreover, upregulated miR-182 has
been revealed to contribute to CRC development by serving as an on-
cogene (Yang et al., 2014; Zhang et al., 2015).

DOC-2/DAB2 interactive protein (DAB2IP), also known as asparto-
kinase (ASK1)-interacting protein-1 (AIP1), a recently identified novel
member of the Ras GTPase-activating protein (GAP) family, has been
associated with cell growth inhibition and apoptosis (Wang et al., 2002;
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Xie et al., 2009). Recent studies have reported that DAB2IP is frequently
downregulated by altered epigenetic modification of its promoter and
acts as a bona fide tumor suppressor in several types of tumor (Chen
et al., 2003; Dote et al., 2004; Yano et al., 2005). Notably, DAB2IP has
been reported to be downregulated in CRC tissues and suppressed
proliferation, epithelial-mesenchymal transition (EMT), invasion and
metastasis in CRC (Wang et al., 2015). Given the significance of both
miR-182 and DAB2IP in the processes linked to CRC, it is necessary to
illustrate the explicit modulatory relationship between miR-182 and
DAB2IP in CRC.

In the present paper, we demonstrated that miR-182 was upregu-
lated in serum samples from CRC patients, as well as CRC tissues and
cells. In addition, we found that downregulation of miR-182 impeded
cell proliferation and invasion in CRC cells in vitro and suppressed CRC
tumor growth. Notably, DAB2IP was confirmed as a target of miR-182
and miR-182 suppressed DAB2IP expression. Moreover, restoration of
DAB2IP attenuated miR-182-mediated activation of the phosphoinosi-
tide 3-kinase (PI3K)/protein kinase B (Akt)/mammalian target of ra-
pamycin (mTOR) and Wnt pathways. Therefore, it is possible that miR-
182 contributed to CRC tumorigenesis by targeting DAB2IP through
partly activating the PI3K/Akt/mTOR and Wnt/p-catenin pathways.

2. Materials and methods
2.1. Patients and samples

A total of 57 blood samples from consecutive CRC patients, in-
cluding 25 preoperative CRC patients, 25 postoperative CRC patients
and 7 CRC patients who developed postoperative recurrence of solitary
liver metastasis during follow-up, were collected within 1 week of re-
section in the Department of Oncology Surgery of the First Affiliated
Hospital of Zhengzhou University. Blood samples from 28 healthy in-
dividuals with no history of malignant disease were collected at the
Medical Center of the First Affiliated Hospital of Zhengzhou University.
The CRC patients were histopathologically diagnosed. Briefly, the blood
sample processing was as followed: 1) Let the blood samples rest for
about 30 min; 2) serum separation was performed by centrifugation at
900 g for 10 min; 3) The supernatant serum was collected and stored at
—80 °C for further detection of miR-182 expression.

A total of 25 CRC tissue samples and paired adjacent normal tissues
were collected from patients who underwent surgical operations at the
First Affiliated Hospital of Zhengzhou University from August 2015 to
July 2016. All tissue samples were snap frozen in liquid nitrogen im-
mediately after surgical removal and stored at —80°C for further
analysis. This study was approved by the Research Ethics Committee of
the First Affiliated Hospital of Zhengzhou University and written in-
formed consent was obtained from all participants before surgery.

Clinical and pathologic data were extracted from the medical re-
cords and the detailed patient information is summarized in supple-
mentary Table 1.

2.2. Cell culture and transfection

The human CRC cell lines and the normal colon epithelium cell line
FHC were gained from the American Type Culture Collection (ATCC,
Manassas, VA, USA). They were cultured in RPMI 1640 medium en-
compassing 10% fetal bovine serum (FBS), and 100 IU/mL penicillin
(HyClone, Logan, Utah, USA), and 100 pug/mL streptomycin (HyClone)
at 37 °C in a 5% CO, atmosphere.

miR-182 mimics (miR-182), miRNA scrambled control (miR-NC),
miR-182 inhibitor (anti-miR-182), inhibitor control (anti-miR-NC) were
purchased from Genepharma Co., Ltd. (Shanghai, China). SW480 and
Caco-2 cells were transfected with the abovementioned oligonucleo-
tides by Lipofectamine™ 2000 (Invitrogen, Carlsbad, CA, USA).
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2.3. Construction of plasmids and adenovirus preparation

The construction of recombinant adenoviral vectors expressing
DAB2IP (Ad-DAB2IP) and its control vector (Ad) were performed as
previously detailed (Li et al., 2005). Briefly, human DAB2IP cDNA were
amplified by PCR and subcloned into pAdTrack-CMV vector, which
contained cytomegalovirus promoters and a green fluorescent protein
(GFP) gene. Subsequently, the recombinants were selected for kana-
mycin resistance and confirmed by restriction endonuclease analysis.
Recombinant adenoviral vectors Ad-DAB2IP were produced by trans-
fecting with linearized recombinant plasmids into 293 T cells. The
control recombinant adenovirus Ad-GFP (Ad) was used as the control.
Adenoviruses were injected into SW480 cells at a multiplicity of in-
fection (MOI) of 40.

2.4. Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from serum, tissues and cultured cells
using Trizol reagent (Invitrogen). For miRNA expression, 1 ug of total
RNA was applied to produce cDNA using a One Step PrimeScript
miRNA cDNA Synthesis kit (Takara Bio, Inc., Otsu, Japan). Mature miR-
182 levels were analyzed by TagMan miRNA Assay (Applied
Biosystems, Foster City, CA, USA) on the ABI 7500 Fast Real-Time PCR
system (Applied Biosystems). For mRNA expression, 1 g of total RNA
was applied to generate cDNA by a Reverse Transcription Kit (Takara
Bio, Inc.) and DAB2IP mRNA expression was quantified by SYBR®
Premix Ex Taq™ (Takara Bio, Inc.). U6 small RNA (snRNA) and GAPDH
were used as the internal reference for miR-182 and DAB2IP mRNA,
respectively.

2.5. MTT assay

MTT assay was applied to detect the capability of cell proliferation.
Cells were plated at a density of 2 x 10° cells/well in 96-well plates.
Following incubation for 0, 24, 48, or 72h, 10 uL of dimethyl sulph-
oxide (MTT, 5mg/mL; Sigma) was added to each well and the cells
were incubated for another 4 h at 37 °C. After the cultural supernatant
was discarded, 100 puL. of DMSO was added to melt the formazan. The
optical density at 490nm was determined by a microplate reader
(Molecular Devices, Sunnyvale, CA, USA).

2.6. Colony formation assay

At 24h post-transfection, the collected SW480 and Caco-2 cells
were resuspended in medium. Then the cells were seeded into 6-well
plates at a density of 200 cells/well and cultured for 14 days with
growth media being replaced every 3 days. The colonies were fixed
with 4% formaldehyde and stained with 0.1% crystal violet for 30 min.
The number of colonies containing more than 50 cells in each well was
counted.

2.7. Transwell invasion assay

Cell invasion ability was assessed using a 24-well Transwell
chamber (8 um; Corning Inc., Corning, NY, USA) with a Matrigel-coated
membrane. At 24 h post-transfection, 200 pL. of SW480 and Caco-2 cell
suspensions (2 x 10° cells/mL) were seeded into the upper chamber
while the complete medium containing 10% FBS serving as the che-
moattractant in the lower chamber. After incubation for 24 h, non-in-
vading cells on the upper chamber were scraped off with a cotton swab
and the invading cells attached to the lower chamber were fixed with
methanol and stained with crystal violet. The invaded cells were
counted in five random fields using Zeiss Axiophot Microscope (Carl
Zeiss, Oberkochen, Germany).
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Fig. 1. The expression of miR-182 in serum samples from CRC patients. (A and B) The serum expression of miR-182 in 57 CRC patients and 28 healthy controls by
qRT-PCR. (C) qRT-PCR analysis of the serum expression of miR-182 in preoperative serum samples (T0; n = 25), postoperative serum samples (T1; n = 25) and
serum samples of postoperative recurrence (T2; n = 7). P < 0.05 vs control group.

2.8. Western blot analysis

Proteins were prepared from tissues and cells using RIPA lysis buffer
(Sigma) with complete protease inhibitor Cocktail (Promega, Madison,
WI, USA). The concentration of proteins was detected with the bi-
cinchoninic acid protein assay kit (Thermo Fisher Scientific, Inc.,
Waltham, MA, USA). 30 ug of protein samples were separated in 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and then transferred to a nitrocellulose membrane (Millipore, Bedford,
MA, USA). The membranes were incubated with the following primary
antibodies against ki67 (1:1000; Abcam, Cambridge, MA, USA), matrix
metalloproteinase (MMP)-2 (1:2000; Abcam), MMP-9 (1:2000; Abcam),
DAB2IP (1:2000; Abcam), PI3K (1:1000; Cell Signaling Technology,
Beverly, MA, USA), p-Akt (Ser473) (1:2000; Cell Signaling
Technology), mTOR (1:2000; Cell Signaling Technology), [-catenin
(1:2000; Cell Signaling Technology) or -actin (1:1000; Cell Signaling
Technology) overnight at 4 °C, followed by incubation with the horse-
radish peroxidase (HRP)-conjugated secondary antibody anti-rabbit IgG
(1 : 500; Santa Cruz Biotechnology, Santa Cruz, CA, USA) for 1h at
room temperature. The protein signals were determined using the ECL
detection kit (Pierce Biotechnology, Rockford, IL, USA).

2.9. Dual luciferase reporter assay

Fragments of wild-type (WT) or mutant type (MUT) DAB2IP 3'UTR
containing the miR-182 binding sites were cloned into a pmirGLO
control vector (Promega). To verify the binding specificity, SW480 and
Caco-2 cells (1 x 10° cell/well) were seeded into 96-well plates and co-
transfected with 20nM miR-182 or miR-NC and 500ng of 3'UTR
DAB2IP-WT or 3'UTR DAB2IP-MUT. At 48h post-transfection, the
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luciferase activity was examined.

2.10. Animal experiments

Male athymic BALB/C nude mice (4-to-6-week old, weighed
24-30g) were purchased from Shanghai Laboratory Animal Center
(Shanghai, China) and maintained in specific pathogen-free conditions.
SW480 cells (1 x 10%) stably transfected with Lv-anti-miR-182 or Lv-
anti-miR-NC were inoculated subcutaneously into the armpit region of
nude mice and constructed the xenograft models. The xenograft sizes
were determined by vernier scale with a two day interval and xenograft
volume was calculated using the formula: Volume = 0.5 X length x
width?. After 21 days of injection, the mice were killed and xenograft
tumor tissues were isolated intactly, photographed and weighed.
Subsequently, the excised tumor tissues were fixed in 10% formalin,
paraffin embedded and cut into sections.

2.11. Immunohistochemistry (IHC) assay

The paraffin-embedded sections were used for examination of
DAB2IP and ki67 expression. For IHC assay, sections of 3-4 um were
deparaffinized in xylene for 10 min, rehydrated in graded ethanol, and
boiled in antigen retrieval solution for 3 min, followed by incubation
with 3% hydrogen peroxide (H,0,) to block endogenous peroxidase for
10 min. After blocked with goat serum (Zymed, San Francisco, CA,
USA), the sections were treated with primary antibodies against ki67
(1:1000) or DAB2IP (1:2000) overnight at 4 °C, followed by IgG (1 :
500) for 1h at room temperature. After washing with water, sections
were incubated with diaminobenzidine (DAB; Sigma), counterstained
with hematoxylin (Richard Allan Scientific, Kalamazoo, MI, USA) and
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examined and photographed with a fluorescence microscope (Olympus
BX51, Shinjuku, Japan).

2.12. Statistical analysis

All data were analyzed by means of GraphPad Prism software ver.
5.0 (Inc., La Jolla, CA, USA). The differences between two groups were
compared using two-tailed Student’s t-test. The statistical analyses of
more than two groups were conducted by one-way ANOVAs with
multiple comparisons. All data were expressed as the mean # standard
deviation (SD). P < 0.05 was considered statistically significant differ-
ence.

3. Results
3.1. miR-182 was upregulated in CRC serum samples

We initially evaluated the level of miR-182 in serum of 57 patients
with CRC and 28 healthy subjects by qRT-PCR. The results showed an
aberrant upregulation of miR-182 in serum samples from CRC patients
compared to that from healthy controls (Fig. 1A and B). Of note, miR-
182 expression was evidently reduced in 25 postoperative serum sam-
ples (T1) when compared with that in 25 preoperative serum samples
(TO), but miR-182 expression were found to be re-elevated in 7 serum
samples from CRC patients who developed postoperative recurrence
(T2) (Fig. 1C). These above results suggested that miR-182 expression
might be closely associated with the development of CRC.

3.2. miR-182 was highly expressed in CRC tissues and cells

Next, we further validated the expression of miR-182 in 25 paired
CRC tissues and the corresponding adjacent normal tissues. As shown in
Fig. 2A, there was a marked rise in miR-182 expression in CRC tissues
compared with adjacent normal tissues. Moreover, compared with the
normal colon epithelium cell line FHC, expression of miR-182 was
strikingly higher in CRC cells (SW480, LoVo, HCT116, Caco-2 and
SW620) than (Fig. 2B). These data confirmed miR-182 was significantly
upregulated in CRC tissues and cells.

3.3. Downregulation of miR-182 suppressed CRC cell growth

To investigate the functional effects of miR-182 on development of
CRC, gain-of-function and loss-of-function assays were employed by
transfecting SW480 cells with miR-182 and introducing Caco-2 cells
with anti-miR-182. qRT-PCR results demonstrated that miR-182 mimic
effectively increased miR-182 expression in SW480 cells and anti-miR-
182 notably decreased miR-182 expression in Caco-2 cells (Fig. 3A).
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MTT assay manifested that the proliferation was remarkably promoted
by exogenous miR-182 in SW480 cells, but distinctly hindered by miR-
182 inhibitor (anti-miR-182) in Caco-2 cells (Fig. 3B). Consistent with
MTT assay, colony formation assay showed that miR-182 over-
expression dramatically increased the number of colonies in SW480
cells compared with miR-NC group. Conversely, downregulation of
miR-182 triggered a substantial decline of the number of colonies in
Caco-2 cells with respect to anti-miR-NC group (Fig. 3C). Moreover,
results from western blot analysis implicated that the protein level of
ki67, a biomarker of proliferation, was strikingly elevated after trans-
fection with miR-182 in SW480 cells. On the contrary, anti-miR-182
conspicuously diminished ki67 level in Caco-2 cells relative to anti-
miR-NC group (Fig. 3D). Collectively, these findings suggested that
downregulation of miR-182 may function as a negative regulator on
CRC cell growth.

3.4. Downregulation of miR-182 repressed the invasion capability of CRC
cells by suppressing MMP-2 and MMP-9 expression

As shown in Fig. 4A and C, ectopic expression of miR-182 caused a
remarkable promotion of the invasion ability of SW480 cells, while
inhibition of miR-182 resulted in an obvious repression of the invasion
ability of Caco-2 cells. Numerous studies have demonstrated that MMP-
2 and MMP-9 are extracellular membrane-degrading enzymes asso-
ciated with tumor invasiveness (Dong et al., 2013). Herein, western blot
analysis demonstrated that miR-182-transfected SW480 cells exhibited
a significant increase of the protein levels of MMP-2 and MMP-9, while
anti-miR-182 elicited the opposite effects in Caco-2 cells (Fig. 4B and
D). Taken together, these results proved that inhibition of miR-182
impeded invasion of CRC cells by suppressing MMP-2 and MMP-9 ex-
pression.

3.5. DAB2IP was a target of miR-182 in CRC cells

Prediction programs (Targetscan, MIRDB, and PicTar) were applied
to predict the probable target genes of miR-182. Results of analysis
hinted that 3'UTR of DAB2IP encompassed the complementary binding
sites for miR-182, as shown in Fig. 5A. Moreover, spearman correlation
analysis indicated a negative correlation between miR-182 and DAB2IP
expression in CRC tissues (Fig. 5B). The results from luciferase reporter
assay demonstrated that luciferase activity of 3'UTR DAB2IP-WT was
considerably reduced after miR-182 was overexpressed in SW480 and
Caco-2 cells, while the reporter containing the mutant binding sites was
unaffected in the luciferase activity (Fig. 5C), confirming the authentic
binding between miR-182 and DAB2IP. Furthermore, western blot
analyses revealed that exogenous miR-182 successfully repressed the
protein level of DAB2IP in SW480 cells (Fig. 5D), while decrement of
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Fig. 2. miR-182 expression in CRC tissues and cells. (A) qRT-PCR analysis of miR-182 expression in 25 paired CRC tissues and the corresponding adjacent normal
tissues. (B) qRT-PCR analysis of miR-182 expression in the normal colon epithelium cell line FHC and CRC cells (SW480, LoVo, HCT116, Caco-2 and SW620). *P <
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miR-182 greatly enhanced DAB2IP level in Caco-2 cells (Fig. 5E). Col-
lectively, these data demonstrated the specificity of miR-182 targeting
DAB2IP mRNA.

3.6. Downregulation of miR-182 inhibited CRC tumor growth by
upregulating DAB2IP in vivo

To explore the effect of miR-182 on tumorigenesis of CRC in vivo,
CRC mouse xenograft models were established by injecting SW480 cells
with Lv-anti-miR-182 or Lv-anti-miR-NC into the nude mice. IHC ana-
lysis showed that ki67 level was obviously decreased and DAB2IP ex-
pression was distinctly elevated in the Lv-anti-miR-182 group versus
Lv-anti-miR-NC group (Fig. 6A). Moreover, consistently with the in vitro
findings, miR-182 inhibitor (anti-miR-NC) led a marked suppression of
tumor growth when compared with control group (Fig. 6B). Also, the
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tumor size and weight in the anti-miR-182 group were evidently lower
than those in control groups (Fig. 6C and 6D). In addition, western blot
analysis manifested that the protein level of DAB2IP was dramatically
enhanced in xenograft tumor tissues resulting from the Lv-anti-miR-182
SW480 cell injection compared with that from the Lv-anti-miR-NC
SW480 cell injection (Fig. 6E and 6 F). These above results demon-
strated that downregulation of miR-182 inhibited CRC tumor growth by
targeting DAB2IP in vivo.

3.7. Restoration of DAB2IP attenuated miR-182-mediated activation of the
PI3K/Akt/mTOR and Wnt/B-catenin pathways in CRC cells

The PI3K/Akt/mTOR and Wnt pathways have been demonstrated to
be involved in CRC progression (Liu et al., 2015). Thus, we character-
ized the effects of miR-182 and DAB2IP on the PI3K/Akt/mTOR and
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Wnt/B-catenin pathways. Western blot analysis further revealed that
ectopic expression of miR-182 triggered a substantial elevation of PI3K,
p-Akt (Ser473), mTOR, and p-catenin levels in SW480 cells compared to
miR-NC group, which was considerably ameliorated by DAB2IP over-
expression (Fig. 7A and B), suggesting that miR-182/DAB2IP axis ac-
tivated the PI3K/Akt/mTOR and Wnt/[-catenin pathways in CRC cells.

4. Discussion

The application of miRNAs in diagnosis and treatment of cancer is
attracting more and more attention due to their frequent dysregulation
and involvement of the malignant phenotypes of various tumors, in-
cluding CRC (Shibuya et al., 2010). Increasing evidence has exhibited
that deregulation of miRNAs boosts the pathogenesis of cancers via
different molecular mechanisms. And tremendous studies have ex-
pounded the controversial roles of dysregulated miR-182 in human
cancers. For example, researchers have reported that miR-182 is upre-
gulated and acts as an oncogene in most human cancers, such as
prostate cancer (Hirata et al., 2013), where miR-182 knockdown hin-
ders proliferation, migration and invasion of prostate cancer cells
(Hirata et al., 2013). In melanoma, upregulated miR-182 promotes
survival, invasion and migration by directly repressing microphthalmia-
associated transcription factor-M and FOXO3 (Segura et al., 2009).
Conversely, miR-182 exerts tumor suppressive effects on lung cancer,
where miR-182 inhibits the proliferation and invasion through de-
creasing human cortical actin-associated protein expression (Zhang
et al., 2011). In glioma, miRNA-182 inhibits cell proliferation and mi-
gration capacity through the induction of neuritin expression (Feng
et al., 2015). In gastric cancer, miR-182 suppresses the proliferation
and colony formation by targeting oncogenic ANUBL1 (Tang et al.,
2015). As reported by the recent study of miR-182 (Liu et al., 2018),
miR-182 is significantly upregulated in patients with early-stage CRC,
which is consistent with our findings. Of note, we first found that miR-
182 expression was reduced in postoperative serum samples, but was
re-elevated in the serum samples from CRC patients who developed
postoperative recurrence, suggesting that the elevated serum miR-182
expression was markedly correlated with tumor recurrence in CRC
patients. Moreover, our results also confirmed the high expression of
miR-182 in CRC tissues and cells, which was consistent with the pre-
vious studies (Liu et al., 2013; Wang et al., 2014). Functional analyses
manifested that exogenous miR-182 boosted the proliferation and
colony formation and the invasion of CRC cells by inhibiting the ex-
pressions of MMP-2 and MMP-9, while downregulation of miR-182
elicited the opposite effects, indicating that miR-182 functioned as an
oncogene to contribute to CRC cell growth and invasion, in line with
the previous studies (Yang et al., 2014; Zhang et al., 2015).

DAB2IP, a well-known tumor-suppressor, plays an important role in
cancer cell growth and metastasis during tumor progression (Liu et al.,
2016). For instance, downregulation of DAB2IP is an independent
prognostic factor of disease recurrence and promoted the proliferation,
migration and invasion of bladder cancer (Shen et al., 2014). Low ex-
pression of DAB2IP has been reported to be related to poor prognosis in
hepatocellular carcinoma (HCC) patients and promote the proliferation
and invasion in HCC (Zhang et al., 2012). Downregulation of DAB2IP
also promotes EMT and metastasis of prostate cancer (Wang et al.,
2016). More importantly, the inhibitory roles of DAB2IP in CRC pro-
gression have also been well-documented (Wang et al., 2015). Also, it
has been previously reported that downregulation of DAB2IP promotes
CRC invasion and metastasis by translocating heterogeneous nuclear
ribonucleoprotein K (hnRNPK) into nucleus to enhance the transcrip-
tion activity of MMP2 (Zhu et al., 2017). Our results showed that
DAB2IP was negatively correlated with miR-182 expression in CRC
patients. As expected, DAB2IP was identified as a functional target of
miR-182 and suppressed by miR-182 in CRC cells. In vivo experiments
demonstrated that inhibition of miR-182 suppressed CRC tumor growth
in vivo by upregulating DAB2IP. These aforementioned results
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demonstrated that miR-182 contributed to cell growth and invasion via
targeting DAB2IP.

Growing evidence has revealed that the PI3K/Akt/mTOR pathway
controls malignant phenotypes including proliferation, invasion, an-
giogenesis and tumorgenesis in a wide range of tumors, including CRC
(Engelman, 2009). Moreover, abnormally activating the Wnt/f3-catenin
pathway could stimulate the initiation and progression of CRC (Clevers
and Nusse, 2012). The PI3K/Akt/mTOR and Wnt/[3-catenin pathways
have been identified as the potential targets for the prevention of CRC
(Pandurangan, 2013). It has been proposed that DAB2IP acts as a sig-
naling adaptor to negative modulate other oncogenic pathways, in-
cluding PI3K/Akt and Wnt/p-catenin (Bellazzo et al., 2017). DAB2IP
could suppress cell survival through inhibiting the PI3K/AKT signaling
(Xie et al., 2009). The effects of miR-182 on CRC have been reported by
(Jia et al., 2017) and they have found that miR-182 can promote tu-
morigenesis and invasiveness of CRC cells via targeting STOGALNAC2
and PI3K/AKT pathway, which are similar to our study. However, it is
well known that cancer is a complex disease and a miRNA has different
target genes which function in cancer development. There are a number
of important differences in target gene and its action pathway of miR-
182 between our study and the previous one (Jia et al., 2017). Our
study manifested that restoration of DAB2IP attenuated miR-182-
mediated activation of the PI3K/Akt/mTOR and Wnt/p-catenin path-
ways, which suggested that miR-182 exerted its oncogenic role by
targeting DAB2IP via partly activating the PI3K/Akt/mTOR and Wnt/j-
catenin pathways.

In summary, our study demonstrated that miR-182 was upregulated
in CRC and significantly correlated with tumor recurrence in CRC pa-
tients. Moreover, we provided the first evidence that miR-182 promoted
the malignant progression in CRC cells by targeting DAB2IP, which
might be involved in facilitating the activation of the PI3K/Akt/mTOR
and Wnt/B-catenin pathways, contributing to better understanding the
molecular mechanism of CRC tumorigenesis. Our study provided a
theoretical basis for its application in the treatment of patients with
CRC.
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