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MicroRNA-17 promotes cell proliferation and
migration in human colorectal cancer by
downregulating SIK|
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Purpose: There is mounting evidence to indicate that microRNA-17 (miR-17) is expressed
and functionally involved in human cancers. However, the molecular mechanism underlying
the role of miR-17 in colorectal cancer (CRC) remains largely unclear. This study aims to
reveal the biological function of miR-17 in colorectal cancer.

Materials and methods: The expression of miR-17 in CRC cells and tissues was exam-
ined using qRT-PCR. Cell proliferation and migration assays were performed after transfec-
tion with an miR-17 mimic and inhibitors. The potential gene targets of miR-17 were
predicted by bioinformatics analysis and further validated by PCR, Western blot and dual
luciferase reporter assays.

Results: The expression of miR-17 was significantly upregulated in CRC cell lines and
tissues and may imply poor prognosis. miR-17 upregulation promoted cell invasion and
migration in CRC cell lines in vitro, while downregulation of miR-17 inhibited tumor
progression. SIK1 was identified as a potential direct target of miR-17 by dual luciferase
reporter assay, and its downregulation in CRC may suggest poor prognosis.

Conclusions: Our study indicated that upregulated miR-17 may promote the progression of
CRC and may exert its function as a tumor suppressor miRNA by targeting SIK].
Keywords: SIK1, colorectal cancer, prognosis, tumor biomarker

Introduction
Colorectal cancer (CRC) is one of the most common malignant diseases in the
world. In recent years, significant improvements have been made in several CRC
treatment options, including surgical resection techniques, chemotherapy and
immunotherapy therapy. However, the 5-year overall survival rate of CRC still
remains low, due to the tumor invasion and metastasis after treatment.'™
Numerous studies have focused on the identification of clinical factors that
may predict treatment outcomes for patients with CRC. It has been demonstrated
that histopathological factors, such as tumor size, the degree of cancer differentia-
tion, as well as lymph vascular invasion and lymph node involvement may act as
prognostic factors for CRC patients.” However, increasing evidence suggests that
CRC patients with the same tumor stage may have significantly different prog-
noses due to tumor heterogeneity.® Therefore, it is necessary to identify novel
tumor biomarkers to refine risk stratification and survival prognosis of CRC
patients.
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MicroRNAs (miRNAs), approximately 22 nucleotides
in length, have been shown to post-transcriptionally reg-
ulate gene expression by binding to the seed region and
sequence in the 3'-untranslated region (UTR) of its target
mRNA. MicroRNAs may also lead to translational repres-
sion or degradation of target mRNAs. Several studies have
shown that aberrant expression of miRNAs, such as miR-
21, miR-155, miR-223, and miR-519d, may be involved in
the processes of cell proliferation, metastasis, and che-
moresistance in human cancers.” ' In our pervious
study, we found that increased expression of miR-17
played an unfavorable role in overall survival (OS) in
human malignancy.'" Studies have shown that miR-17
may regulate cervical cancer progression by regulating
p53-induced nuclear protein 1.'% Although several studies
have suggested that aberrant expression of miR-17 may be
involved in the progression and metastasis of CRC, its
functional role in CRC has not been established.

Salt-inducible kinase 1 (SIK1) encodes a serine kinase of
the AMP-activated protein kinase family, which plays critical
roles in cell growth and metabolism."*'* A previous study has
demonstrated that S/K/-knockdown cells can escape anoikis
in metastatic cancer tissues.'> Additionally, SIK1 may lead to
p53-dependent anoikis and subsequent suppression of tumor
cell metastasis.'® Other related studies have shown that
reduced expression of SIK1 may also be associated with
tumor progression, metastasis, and poor clinical outcome in
ovarian cancer, breast cancer, pancreatic cancer, and hepato-
cellular carcinoma.'> Therefore, SIKI is classified as
a tumor suppressor gene in many cancers. However, the status
of SIKI expression and its clinical significance in CRC
remains unclear.

In the present study, we first examined SIK1 expression
in tumor tissues from 101 CRC patients by immunohisto-
chemistry (IHC) analysis, Western blot, and qRT-PCR, as
well as its association with clinicopathological features of
CRC. Secondly, the biological function of miR-17 in CRC
was investigated in vitro. Additionally, our analysis also
confirmed that SIK/ is a direct target gene of miR-17.
Finally, we hypothesize that STK/ mRNA may be a direct
target of miR-17 and that SIK1 protein may be a prognostic
biomarker and potential therapeutic target for CRC.

Materials and methods

Patients, follow-up and tissue samples
A total of 101 patients with CRC who had underwent surgical
colorectal resection in the Department of General Surgery,

Guangdong Provincial People’s Hospital (Guangdong
Academy of Medical Sciences), between June 2012 and
January 2013 were enrolled in this study.

The patients enrolled in this study met the following
requirements: a pathology-confirmed diagnosis of colorectal
cancer adenocarcinoma; patients with stage I-IV cancer who
did not receive any radiotherapy or chemotherapy before
surgical resection. TNM staging was based on the guidelines
of the 7™ version of the AJCC colon and rectum cancer
staging manual. All enrolled patients were followed up by
out-patient department evaluation or telephone interview
until death up to July 2017. The patients ranged from 22 to
92 years old, with a mean age of 60.75+1.42 years old. IHC
analysis was conducted to evaluate the altered expression
level of SIK1 protein in paired tissues from 101 enrolled
patients. qRT-PCR was conducted to evaluate the expression
of miR-17 in tumor and non-tumor tissues.

Immunohistochemistry analysis

Paraffin-embedded sections (5 pm) of cancerous tissue
were heated in a 60 °C baker for 30 min. The sections
were then deparaffinized with xylene and rehydrated, fol-
lowed by treatment with 3% hydrogen peroxide in metha-
nol. Then, non-specific binding was blocked using 1%
bovine serum albumin. Sections were then incubated
with a SIKI1 antibody (1:500, ab64428, Abcam,
Cambridge, MA, USA) overnight at 4 °C. Incubation
with PBS was used as a negative control. After washing,
sections were then incubated with a biotinylated secondary
antibody at room temperature. DAB was used to visualize
positive staining. Slides were then dehydrated and sealed
with coverslips. Two independent investigators without
prior knowledge of the patients were responsible for eval-
uating the immunohistochemistry results. Using a light
microscope, cells in 5 randomly selected fields were quan-
tified on 3 slides for each specimen. The expression of
SIK1 was determined based on the staining intensity as
well as the percentage of positive cells. The staining data
was processed using Image J software.'” The staining
scores were defined as follows: 1 (<10% positive cells),
2 (10-50% positive cells), 3 (50-75% positive cells), and
4 (>75% positive cells). The staining intensity was deter-
mined by the following standards: 0 (no staining), 1 (weak
staining, light yellow), 2 (moderate staining, brown), and 3
(strong staining, brown). The final score of SIKI expres-
sion was the combination of the staining intensity and
percentage of positive cells, for an aggregate score of 0
for negative, + for 1-3 points, ++ for 4-6 points, and +++
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for 7-9 points. Low expression was defined as 0 or +,
while ++ and +++ were considered high expression. Cut-
off values for SIK1 were chosen based on the measure of
heterogeneity by using the log-rank test with consideration
of overall survival time.

Cell culture and transfection

Human colorectal cancer cell lines HCT116, SW480, and
HT29 were purchased from the American Type Culture
Collection (ATCC, Manassas, VA, USA). Colon epithelial
cells were purchased from the iBS Fudan Cell Bank
(Shanghai, China). All cell lines were cultured in RPMI-
1640 medium (Hyclone, Biowest) supplemented with 10%
fetal bovine serum (FBS, Gibco, USA) in a humidified
37 °C incubator with 5% CO,.

MicroRNA 17 (5- CAAAGUGCUUACAGUGCAG-
GUAG-3") was synthesized by GenePharma (Shanghai,
China). The miR-17 mimic (5-CAAAGUGCUUACAG-
UGCAGGUAG-3'), negative-control (NC) mimic (5-UC-
ACAACCUCCUAGAAAGAGUAGA-3"), miR-17 inhibi-
tor (5-CUACCUCGCACUGUAAGCACUUUG-3'), and
NC inhibitor (5'-UUGUACUACAAAAGUACUG-3") were
purchased from GenePharma (Shanghai, China). For trans-
fections, SW480 and HCT116 cells were plated in a 6-well
plate (3.0x10° per well) and the cells were cultured in com-
plete serum medium until the confluence reached 40-50%.
The cells were then transfected with 50 nM miRNA using
Lipofectamine 2000 (Invitrogen, USA) according to the
manufacturer’s instructions. After transfection (48 hrs), the
cells were harvested for further investigations.

Quantitative real-time PCR
For the analysis of miR-17, total miRNA from frozen tissues
was extracted using TRIzol (Invitrogen, Carlsbad, CA, USA)
following the manufacturer’s instructions. The extracted
mRNA was then used to synthesize cDNA using a Takara
miRNA First-Strand Synthesis Kit. U6 was used for miR-17
normalization, and the comparative Ct method was used to
calculate the relative abundance of miR-17. Total RNA was
extracted from surgical specimens or cultured cells using
TRIzol (Invitrogen, Carlsbad, CA, USA). cDNA was synthe-
sized using a Takara mRNA First-Strand Synthesis Kit. SIK/
expression level was quantified using SYBR Green PCR
master mix (Roche, USA) on the Applied Biosystems 7500
(Life Technologies). All tests were performed in triplicate. The
primer sequences used are as follows:

miR-17 Forward (F): 5-ACACTCCAGCTGGGCAA-

AGTGCTTACAGTGC-3'

Reverse(R): 5-TGGTGTCGTGGAGTCG-3'

SIK1 mRNA Forward (F): 5'->TTCCGGCAGCAGC-
TAGCGGCAAACGCGAGGACCAAG-3’

Reverse (R): 5'-CTAAGGAAAAACGCGGCGACCG-
CGGGGTTCCTGGGACTG-3".

U6 Forward (F): 5'-CTCGCTTCGGCAGCACA-3'
Reverse (R): 5'-"AACGCTTCACGAATTTGCGT —3'.
GAPDH Forward (F): 5-CTACAATGAGCTGCGTG-
TGG-3'

Reverse (R): 5" AAGGAAGGCTGGAAGAGTGC-3".

Protein extraction and Western blot
Colorectal cancer tissue samples and cells were harvested
and then lysed using RIPA buffer (CWbiotech, Beijing,
China) supplemented with complete protease inhibitor
cocktail (CWbiotech, Beijing, China). The extracted pro-
tein was heated with SDS-PAGE buffer (CWbiotech,
Beijing, China). Equal amounts of protein were separated
on SDS polyacrylamide gels and transferred to PVDF
membranes (Immobilon P, Millipore). The membranes
were then blocked in fat-free milk in TBS with 0.1%
Tween-20 (Sangon Biotech, Shanghai, China) for 60 min
at room temperature. The membranes were then incubated
with an anti-SIK1 antibody (1:1000, ab64428, Abcam,
Cambridge, MA, USA) overnight at 4 °C. The HRP-
conjugated anti-rabbit secondary antibody (1:5000,
ab6721, Abcam, Cambridge, MA, USA) was administered
for 60 min at room temperature. Each assay was repeated
three times. The membranes were scanned using Syngene
Imaging System (Frederick, MD, USA). The expression of
SIK1 protein was measured by ImageJ based on the grey
density ratio."®

Cell counting kit-8 (CCK-8) assay

The proliferation of cells transfected with miR-17 mimic
and miR-17 inhibitors were evaluated using the CCK-8
detection kit (Beyotime Biotechnology, Shanghai, China)
according to the manufacturer’s instructions. The cells
were incubated in a 96-well microplate at a density of
5x10% cells/ml, and 24 hrs later, cells were treated with
resveratrol. The CCK-8 solution (20 ml/well) was then
added to the cells, which were then incubated at 37 °C
for 2 hrs. The absorbance of the cells at 450 nm was then
measured.

Cell apoptosis assay
Cell apoptosis was assessed using the Cell Apoptosis Kit
(Life technologies). Cultured cells were trypsinized and
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then incubated with Annexin V-FITC and PI solution for
15 mins. The cell samples were then analyzed with
a CellStream Flow Cytometer (Millipore).

Transwell assay

In our study, the invasion of cancer cells was analyzed
using the Transwell assay. Approximately 5x10° cells
were plated in the upper chambers of 8 um transwell
inserts (BD Biosciences, USA) in serum-free media.
Then the lower chambers were filled with normal growth
medium. The cells were incubated for 24 hrs allowing for
invasion. Cells that migrated to the lower chambers were
washed with PBS, mixed with 20% methanol and stained
with 0.1% crystal violet. This assay was repeated three
times, and the number of stained cells in five randomly
chosen fields was determined under a microscope.

Bioinformatics analysis

The comparison of miR-17 expression in CRC tissue and
normal tissue was performed using the Oncomine database
(https://www.oncomine.org).?’ Patient datasets, including
The Cancer Genome Atlas (TCGA) (https://cancergenome.
nih.gov), Gaedcke Colorectal, Kaiser Colon, Skrzypczak
Colorectal and Hong Colorectal, were used in our
study.”'* The potential target genes of miR-17 were pre-
dicted using online databases, including TargetScan (http://
www.targetscan.org/), miRTarBase (http://mirtarbase.mbc.
nctu.edu.tw/php/index.php) and miRwalk (http://mirwalk.
umm.uni-heidelberg.de/).”> 2’ The TCGA database and the
human protein atlas (https://www.proteinatlas.org/) database
was used to further explore the potential biological func-
tions of the selected genes. The potential binding sequence
of miR-17 and SIK1 were predicted using TargetScan.

Luciferase reporter assay

The wild-type (WT) 3’ UTR sequence of SIK] was ampli-
fied using AmpliTaq Gold DNA Polymerase (Applied
Biosystems). The purified 3'UTR was then inserted into
psiCHECK2 vector (Promega) according to the manufac-
turer’s instructions. For mutant constructs, the miRNA
seed region of the WT 3'UTR was mutated using
AccuPrime Pfx SuperMix (Invitrogen). Sequencing was
used to verify the sequence of the WT and mutant. The co-
transfection of SW480 cells with WT or mutant constructs
or negative controls was performed using Lipofectamine
2000 (Invitrogen). After 24 hrs, the Dual-Luciferase
Report Assay (Promega) was performed. The renilla

luciferase activity was normalized to the corresponding
firefly luciferase activity.

Statistical analysis

The data shown are meantstandard deviation (SD) based
on 3 independent experiments. The student’s independent
t-test and one-way ANOVA were used to compare two
groups and multiple groups, respectively. The association
of SIK1 and clinicopathological features was assessed
using x* test. The cumulative overall survival was esti-
mated using Kaplan-Meier analysis.”® The survival curves
were analyzed by the log-rank test. Overall survival (OS)
was determined as the time from tumor resection to the
time of patient death. The influence of variables on survi-
val was analyzed by multivariate analysis using COX
proportional hazard model. P-value<0.05 was considered
statistically significant. All the included data were ana-
lyzed using SPSS version 17.0 (SPSS, Chicago, IL, USA).

Ethics approval and patient consent

All enrolled patients provided signed informed consent
prior to sample collection. The study protocol conformed
to the ethical guidelines outlined in the Declaration of
Helsinki and was approved by the research ethics commit-
tee of Guangdong Provincial People’s Hospital
(Guangdong Academy of Medical Sciences) (approval

No.2010011H).

Results
miR-17 expression is upregulated in CRC

tissue and may imply poor prognosis

In our previous study, we found that miR-17 may be an
oncogene in human malignancies, including colorectal can-
cer. The elevated expression of miR-17 in tumor tissue may
imply poor clinical outcome."' We further used the online
Oncomine database to examine the differential expression of
miR-17 in tumor and adjacent non-tumor tissues. Data from
a total of 5 independent microarray databases were included
in our study. We found that miR-17 is overexpressed in CRC
tissues in comparison to normal tissues in the TCGA
Colorectal, Gaedcke Colorectal, Kaiser Colon, Skrzypczak
Colorectal, and Hong Colorectal databases (Figure 1A).
Additionally, qRT-PCR analysis revealed that CRC speci-
men contained significantly higher levels of miR-17 than
normal non-tumor tissues (Figure 1B, P<0.001). In order to
further explore the clinical significance of miR-17, 101
patients were followed for 5 years. The median value of all
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Figure I miR-17 is upregulated in CRC tumor tissue and implies poor prognosis.
Gaedcke Colorectal, Kaiser Colon, Skrzypczak Colorectal, and Hong Colorectal. (B)

(A) The miR-17 expression in the Oncomine database including TCGA Colorectal,
The relative expression of miR-17 in CRC cancerous tissue (n=51) and adjacent non-

tumor tissue (n=50) was measured by quantitative real-time PCR. (C) Kaplan-Meier analysis of the 5-year overall survival rate of patients with high (n=51) and low (n=50)

expression of miR-17.

101 cases was chosen as the cut-off point for delineating
miR-17 high (n=51) or low (n=50) expression. In Figure 1C,
the Kaplan-Meier curves revealed that CRC patients with
higher expression of miR-17 had poor OS (HR=2.336, 95%
CI=1.107-4.929, P=0.0206).

miR-17 overexpression promotes

migration and invasion of CRC cells

We investigated the expression level of miR-17 in three CRC
cell lines in order to further examine its association with
CRC. Based on PCR results, the expression of miR-17 was
significantly higher in CRC cells than in normal colon cells,

FHC (Figure 2A, P<0.05). With relatively higher expression
of miR-17, SW480 and HCT116 were chosen for further
investigation. SW480 and HCT116 were transfected with
miR-17 mimic and miR-17 inhibitor. Quantitative real-time
PCR analysis was conducted to confirm that the expression
of miR-17 was significantly upregulated in the miR-17
while the miR-17
transfected cells showed lower expression of miR-17
(Figure 2B, P<0.001). The 24 hr CCK-8 assay was con-
ducted in order to demonstrate that the overexpression of
miR-17 promoted the viability of SW480 and HCT116 cells,
and the upregulation of miR-17 increased the proliferation of

mimic-transfected cells, inhibitor-

cancer cells. In contrast, cell proliferation was significantly
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decreased in cells transfected with miR-17 inhibitors (Figure
2C, P<0.05). The flow cytometry assay also demonstrated
that the miR-17 mimic transfection decreased apoptosis of
HCT116 and SW480 cells, while decreased expression of
miR-17 promoted apoptosis (Figure 2D, all P<0.01). We then
studied the functional role of miR-17 in the invasion of CRC
cells using the Transwell assay. As shown in Figure 2E,
invasion was significantly increased in miR-17 mimic-
transfected cells, whereas invasion was significantly
decreased in cells with decreased expression of miR-17 (all
P<0.05). Collectively, these results suggest that miR-17 may

contribute to the development and progression of CRC.

SIKI is a direct target of miR-17 in CRC

In order to further study the molecular mechanisms of miR-17,
online bioinformatics databases, including TargetScan,
miRTarbase, and miRWalk were used to predict the potential
target genes of miR-17. After screening the databases, 53
potential miR-17 target genes were identified (Figure 3A).

After further exploration of TCGA and The Human Protein

A
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18

FEM1C
FJX1

&l PGM2L1

19

53

SIK1

11370 240
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DNAL1

miRWalk 869 miRTarBase

C6orf120

FAM117B

0.91

0.8

0.74

0.6+

0.5

0.4+

Atlas, we identified 8 genes (FEMIC, FJXI, PGM2LI,
Cé6orf120, SIK1, FAM117B, PDLIM5, and DNALI) that may
be downregulated in CRC and associated with poor prognosis.
This result warranted further consideration of these genes as
potential direct targets of miR-17 (Figure 3B). Based on our in
silico analyses, we selected SIK/ for further exploration.
Using TCGA cohorts and Human Protein Atlas data, we
found that downregulation of SIK/ was significantly asso-
ciated with poor prognosis in CRC (P=0.0031) (Figure 3C).
Next, we identified a potential miR-17 binding site in SIK/
(Figure 4A). We then examined SIK/ mRNA and protein
expression in both SW480 and HCT116 cells transfected
with a miR-17 mimic and miR-17 inhibitor. Quantitative real-
time PCR analysis suggested that the overexpression of miR-
17 significantly suppressed the expression of SIK/ mRNA,
while higher expression of SIK/ mRNA was found in cells
transfected with a miR-17 inhibitor (Figure 4B, P<0.01).
Similarly, the SIK1 protein expression was found to be
repressed in both SW480 and HCT116 cells transfected with
miR-17 mimic, while SIK1 was significantly elevated in cells
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Figure 3 Bioinformatic analysis of gene targets of miR-17. (A) Venn chart of common genes from 3 publicly available databases, including TargetScan, miRWalk, and
miRTarbase. (B) The analysis of 8 possible target genes from TCGA database and the human protein atlas database. (C) Analysis of OS based on SIK| expression from the

human protein atlas database.
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Additionally, a dual luciferase reporter assay was carried outto  psiCheck-SIK1-3'UTR-mut along with a miR-17 mimic and
further examine the relationship between miR-17 and SIK/ in ~ NC mimic. The results showed that co-transfection with
SW480 and HCT116 cells. The SW480 and HCT116 cells  psiCheck-SIK1-3'UTR-WT and psiCheck-SIK1-3'UTR-mut
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Figure 4 SIKI may be a direct target of miR-17. (A) The potential binding sequences of SIK/ 3’'UTR and miR-17 based on bioinformatics analysis. The wild-type (WT) and
mutated binding sequences are shown. Quantitative real-time PCR analysis (B) and Western blot analysis (C) of SIKI mRNA and protein in SW480 and HCT I 16 cells
transfected with mimic NC, miR-17 NC, inhibitor NC, and miR-17 inhibitor NC. Relative luciferase activity in SWW480 (D) and HCT 116 (E) cells transfected with reporter
vector containing WT binding sequence (psiCheck-SIKI-3'UTR-WT) or mutated binding sequence (psiCheck-SIKI-3"UTR-mut) along with miR-17 mimic and negative
control. All values are presented as mean * SD of three replicates. ¥P<0.05, **P<0.01, compared with mimic NC group, or inhibitors NC group.
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led to decreased luciferase activity in both SW480 (Figure 4D,  P<0.05). The qRT-PCR results also showed that S/K/
P<0.001) and HCT116 cells (Figure 4E, P<0.001). However, mRNA was significantly downregulated in tumor tissues
the luciferase activity in SW480 and HCT116 cells transfected ~ in comparison to paired adjacent non-tumor tissues (Figure
with psiCheck-SIK1-3'UTR-mut was not affected. These 6B, P<0.05). To investigate the relevance of SIK1 for
results suggested that STK/ mRNA may be a direct target of  predicting clinical outcomes of CRC patients, we then ana-
miR-17. lyzed the correlation between SIK1 expression and the

clinicopathological features of CRC patients. As shown in
SIKI expression is downregulated in CRC  Table 2, immunohistochemistry revealed that the expression
tissues of SIK1 was strongly associated with tumor location, differ-
entiation, tumor invasion, lymph node metastasis, and clin-

Immunohistochemistry was preformed to evaluate the pro-

tein expression of SIKI in 101 paired colorectal cancer ical stage (TNM), but did not shown significant association

tissues. Positive staining was observed in the cytoplasm. with age, gender, and initial CEA.

Cancerous tissues exhibited lower expression of SIKI

protein than adjacent normal tissue (P<0.001) (Table 1, SIKI downregUIation is associated with
Figure 5). To validate the IHC data, qRT-PCR and Westerm ~ poor overall survival of CRC patients

blot assays were performed on randomly chosen sections  Patients with lower expression of SIK1 had significantly
of patient tissues. The results showed decreased expression  lower overall survival rates than patients with higher

of SIK1 protein in the CRC tissue samples (Figure 6A, expression of SIK1 (Table 3, P<0.001). The 5-year overall

Table 1 The comparison of SIK| expression in cancerous tissue and adjacent non-tumor tissue

Groups Case Expression of SIKI| protein P-value
Low expression High expression
- + ++ +++
Cancerous tissue 101 17 56 23 5 <0.001
Normal tissue 101 6 18 26 51

R FTAZN DR R
1 ";‘.‘\\ i", ':** N ,53:‘
R RO Ry e
Y N\ e Qe
i N \| P \ﬁ\(
N

Figure 5 Expression of SIK| protein in colorectal cancer tissue and adjacent normal tissue by IHC. (A) Weak SIK1 staining in tumor tissue (40x). (B) Weak SIK| staining in
tumor tissue (100x). (C) Weak SIK| staining in tumor tissue (200x). (D) Strong SIK| staining in adjacent non-tumor tissue (40x). (E) Strong SIK| staining in adjacent non-
tumor tissue (100x). (F) Strong SIKI staining in adjacent non-tumor tissue (200x).
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Figure 6 SIK| is downregulated in colorectal cancer tissue in comparison to adjacent normal tissue. Western blot (A) and quantitative real-time PCR (B) analysis of SIK|
protein and mRNA in surgical specimens. All values are presented as mean * SD of three replicates. *P<0.05, compared with non-tumor tissue. C, cancerous tissue; ANT,

adjacent non-tumor tissue.

survival rate for all patients was 60.40%. Of the enrolled
patients, 40 of them died after the initial surgery. The
overall mean follow-up was 2.69 years. Univariate and
multivariate analyses of overall survival of the enrolled
CRC patients is summarized in Table 3. The Univariate
analysis showed that the overall survival after surgical
resection was significantly correlated with the following
factors: clinical stage (TNM) (P<0.05) and the expression
level of SIK1 (P<0.001). Multivariate COX regression
analysis revealed that lower SIK1 expression is an inde-
pendent risk factor for CRC with a hazard ratio (HR) of
0.33 (95% Confidence Interval (CI) 0.16-0.67, P=0.002),
as well as clinical stage (TNM), with a hazard ratio of 0.45
(95% CI 0.23-0.89, P=0.021).

Discussion
The main objective of our study was to explore the role of
miR-17 in CRC, as well as identify potential target genes of

miR-17. It has been established that miRNAs serve a critical
role in the process of oncogenesis by binding to the 3'UTR of
target genes in multiple malignancies. However, the specific
molecular mechanism of miR-17 function in CRC remains
unclear. Previous studies have shown that abnormal expres-
sion of miR-17 occurs in malignancies, such as pancreatic
cancer, lung cancer, breast cancer, and kidney cancer by
regulating cell proliferation, tumor growth and epithelial-to-
mesenchymal transition.” > Previous studies have also sug-
gested that miR-17 may act as an oncogene in CRC."' Based
on our pervious meta-analysis, the upregulation of miR-17
may suggest poor prognosis in cancer patients."
Additionally, several studies have demonstrated that miR-
17 can promote the progression of CRC by directly regulat-
ing PTEN and P130, which is consistent with the cell growth
and metastatic phenotypes observed in our study.**?> By
using Oncomine and surgical specimens, we demonstrated
that the expression of miR-17 was significantly higher in

submit your manuscript

3530

Dove

Cancer Management and Research 2019:1 |


http://www.dovepress.com
http://www.dovepress.com

Dove Huang et al
Table 2 Correlations between SIK| expression and clinical characteristics of patients with CRC
Groups Case % SIKI expression in cancer tissue
Low expression | % High expression % x? P-value
Gender
Male 57 56.44 40 54.79 17 60.71 0.288 0.591
Female 44 43.56 33 4521 I 39.29
Age (v)
<65 62 61.39 43 58.90 19 67.86 0.684 0.408
>65 39 3861 30 41.10 9 32.14
Tumor location
Colon 56 55.45 35 47.95 21 75.00 7.119 0.008
Rectum 45 44.55 38 52.05 21.43
Differentiation
Well and Moderate 84 83.17 65 89.04 19 67.86 6.488 0.011
Worse 17 16.83 8 10.96 9 32.14
Initial CEA (ng/mL)
<20 70 69.31 52 71.23 18 64.29 0.459 0.498
220 31 30.69 21 28.77 10 35.71
Tumor invasion
T1 and T2 35 34.65 20 27.40 I5 53.57 6.123 0.013
T3 and T4 66 65.35 53 72.60 13 46.43
Lymph node metastasis
Negative 47 46.53 29 39.73 18 64.29 4.906 0.027
Positive 54 53.47 44 60.27 10 3571
Clinic stages (TNM)
land Il 45 44.55 28 38.36 17 60.71 4.095 0.043
Ill and IV 56 55.45 45 61.64 I 39.29

tumor tissues than in adjacent non-tumor tissues. We then
validated that the overexpression of miR-17 may indicate
poor prognosis of CRC patients. In addition, we confirmed
that the overexpression of miR-17 may increase proliferation
and invasion of CRC cells, while these functions were
impaired in cells transfected with miR-17 inhibitors
in vitro. Therefore, the results suggested that miR-17 can
promote the progression of CRC cells. In the present study,
we also demonstrated that CRC cells transfected with a miR-
17 inhibitor were impaired. The results imply that down-
regulating miR-17 may be a potential therapeutic strategy
for CRC patients.

Recently, an increasing number of bioinformatic tools
have been developed, which can predict target genes of
miRNAs.*® In our study, we screened 3 online databases,
including TargetScan, miRTarBase, and miRWalk, and
identified 53 common genes predicted by these databases.
Additionally, we further explored TCGA and identified 8

potential miR-17 target genes (FEMIC, FJXI, PGM2LI,
Cé6orf120, SIK1, FAM117B, PDLIMS5, and DNALI). Our in
silico approach allowed us to identify a potential miR-17
binding site in S/IK/. Our data also suggests that down-
regulation of SIK1 may be associated with poor prognosis.
In the present study, we discovered that the expression of
miR-17 is inversely associated with the expression of SIK/
in CRC cells. The qRT-PCR assay and Western blot ana-
lysis suggested that cells transfected with a miR-17 mimic
had lower mRNA or protein expression of SIKI.
Additionally, the luciferase reporter assay confirmed that
miR-17 regulates SIK! by directly binding to its 3'UTR in
CRC cells.

It has been reported that decreased SIK1 expression is
associated with poor prognosis in ovarian cancer, liver cancer,
gastric adenocarcinoma, and pancreatic cancer.'> '®372% The
underlying mechanism of SIK1 function in cancer is still
unknown. Emerging evidence suggests that SIK1 may
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Table 3 Univariate and multivariate survival analysis of patients with colorectal cancer

Factors Univariate analysis Multivariate analysis

HR (95%Cl) P-value HR (95%Cl) P-value
Age (years)
<65 vs >65 I.16 (0.62-2.16) 0.6703 — —
Gender
Male vs female 1.59 (0.84-3.00) 0.2282 — —
Histology type
Well, moderate vs poor 0.94 (0.43-2.06) 0.7700 — —
Clinical stages (TNM)
I, s I, IV 0.51 (0.30-0.88) 0.0140 0.45 (0.23-0.89) 0.021
Tumor location
Colon vs rectal 1.0l (0.55-1.87) 0.2936 — —
SIKI expression
High vs low 0.32 (0.17-0.60) <0.001 0.33 (0.16-0.67) 0.002

regulate cancer cell progression and metastasis by regulating
the Wnt/B-catenin signaling pathway in HCC.'® The research-
ers found that SIK/ silencing may promote the metastasis of
HCC, cell migration and lung metastasis, and that the loss of
SIK1 may activate the Wnt/B-catenin signaling pathway,
which mediates HCC cell proliferation and invasion. The
Whnt/B-catenin signaling pathway may influence cellular dif-
ferentiation and is associated with a variety of human cancers,
including CRC.***° In the present study, we further investi-
gated the of SIKlI in CRC.
Immunohistochemical analysis of 101 surgically resected

prognostic ~ value
CRC tissues revealed that SIK1 was significantly downregu-
lated in tumor tissues in comparison to adjacent non-tumor
tissues. This phenotype was further validated by qRT-PCR and
Western blot analysis, which demonstrated lower SIK/ mRNA
and protein expression, respectively, in tumor tissues.
Additionally, lower expression of SIK1 protein in tissue sam-
ples from the enrolled CRC patients was significantly asso-
ciated with tumor location, tumor differentiation, and TNM
disease stage. In the analysis of overall survival, we also found
that the expression of SIK1 may be an independent risk factor
for predicting unfavorable clinical outcomes of CRC patients.

It is important to point out that a single microRNA may
have multiple target genes, and a single gene may be targeted
by multiple miRNAs. Studies have shown that HBPI may be
directly targeted by miR-17 in breast cancer.*' In pancreatic
cancer, microRNA-203 promotes cell proliferation and
migration by downregulating SIK7.'” In ovarian cancer,
SIKI was downregulated by microRNA-141."® In our

study, we identified that SIK/ may be a direct target of
miR-17, and we hypothesized that miR-17 promotes CRC
carcinogenesis by directly targeting SIK/. To our knowledge,
this is the first report of SIK/ as a direct target of miR-17 in
CRC. Based on previous studies and our current data, SIK/
may be a tumor suppressor gene and exert anti-tumor effects
in HCC, pancreatic cancer, and CRC, which suggests that is
may be a potential therapeutic target for human cancers.
Therefore, a larger and more varied cohort of patient samples
is required for future studies to more comprehensively assess
the potential biological function of miR-17 and SIK].

Conclusion

In summary, our study indicates that miR-17 expression is
upregulated in colorectal cancer tissues and correlated
with poor prognosis. Further functional investigation
revealed that downregulation of miR-17 may promote
tumor proliferation and invasion, through direct targeting
of SIK1. Our results suggest that STIK/ and miR-17 may be
potential prognostic biomarkers and novel potential treat-
ment targets for patients with CRC.

Abbreviation list

CRC, colorectal cancer; SIK1, salt-inducible kinase 1;
AMPK, AMP-activated protein kinase; RT-PCR, real-time
polymerase chain reaction; BSA, bovine serum albumin; HR,
hazard ratio; CI, confidence interval, HCC, hepatocellular
carcinoma; miRNA, microRNA.
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