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Abstract
MiR-663b has been demonstrated to be abnormally expressed in several cancer types and was involved in the progression of 
cancer. Although overexpression of miR-663b in colorectal cancer was observed, the role of miR-663b in colorectal cancer 
cells has not been identified yet. In this study, we analyzed expression of miR-663b in colorectal tumors and explored the 
molecular mechanism of miR-663b in colorectal cancer cells. MiR-663b was significantly overexpressed in colorectal tumors 
and cell lines. Downregulation of miR-663b inhibited cell proliferation and sphere forming ability in colorectal cancer cells. 
In addition, miR-663b downregulation inactivated Ras/Raf signaling activity and subsequently decreased YAP1 and CD44 
expression in colorectal cancer cells. Using TargetScan software, TNK1, a negative regulator of Ras/Raf signaling, was 
predicted to be a target gene of miR-663b. Western blotting and RT-qPCR showed that TNK1 expression was negatively 
regulated by miR-663b. In addition, the direct binding of miR-663b to TNK1 mRNA was proved by dual luciferase reporter 
assay. Furthermore, downregulation of miR-663b inhibited colorectal cancer cell proliferation and stemness, which was 
reversed after siRNA-mediated silencing of TNK1. In conclusion, the current study revealed a pivotal role of miR-663b in 
the progression of colorectal cancer.
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Introduction

Globally, colorectal cancer is the third most commonly 
diagnosed cancer [1]. Despite systematic therapy includ-
ing surgery, chemotherapy and radiotherapy is developed 
for treatment of patients with colorectal cancer, the prog-
nosis of patients with later stage colorectal cancer remains 
poor, and the 5-year overall survival of patients with stage 
IV colorectal cancer is slightly over 10% [2]. The unsatis-
fied prognosis is due to high metastatic capability and drug 
resistance during treatment [3]. It is known that the presence 
of colorectal cancer stem cells is responsible for tumor ini-
tiation, growth, metastasis and drug resistance [4]. Owing to 
substantial studies on the molecular mechanism of colorectal 
cancer, target therapy based on EGFR antibodies have been 
widely used as first-line therapy agents during treatment of 
metastatic colorectal cancer and greatly improved patient 
outcome [5].

The transmembrane receptor EGFR and the downstream 
Ras/Raf signaling is one of the most well-characterized 
cancer-related pathways [6]. Uncontrolled, sustainable 
activation of EGFR/Ras/Raf signaling leads to strong cell 
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proliferation, survival and metastasis ability and play a piv-
otal role during cancer initiation, development and drug 
resistance [7–9]. In colorectal cancer, it is known that over-
expression of EGFR elevates Ras/Raf signaling activity, pro-
motes cancer cell proliferation and survival [10]. Initially 
discovered and cloned from differentiating murine embry-
onic stem cells, TNK1 is a non-receptor protein tyrosine 
kinase which negatively regulates Ras/Raf signaling [11, 
12]. Knockout of TNK1 significantly activated Ras/Raf path-
way and resulted in the development of spontaneous tumors 
including colorectal cancer in mice [13], indicating TNK1 
was involved in the initiation of colorectal cancer. Methyla-
tion of TNK1 promoter may be responsible for TNK1 down-
regulation [13]. Until now, it is still not clear how TNK1 is 
regulated in colorectal cancer.

MicroRNAs (miRNAs) are small, non-coding, single-
stranded RNAs that ubiquitously expressed in eukaryotic 
cells [14]. MiRNAs primarily exert their function via 
directly binding to 3′UTR of target gene mRNAs, lead-
ing to mRNA degradation or translation inhibition [15]. 
Individual miRNA can have hundreds of target genes and 
one specific gene can be regulated by numerous miRNAs 
depending on cell background. Expression of miRNAs is 
essential for almost all cell physiological processes [16]. 
Aberrant expression of miRNAs is implicated in abnormal 
cell proliferation, motility and diseases including cancer 
[17]. Microarray and next-generation sequencing based 
screen approaches have revealed numerous cancer-related 
genes and miRNAs. MiRNA profiles in a total of 1893 car-
cinoma/normal-paired samples and 290 adenoma tissue 
samples identified many differentially expressed miRNAs 
in colorectal cancer. Several miRNAs such as miR-150-5p 
and miR-650 have been experimentally validated as colo-
rectal cancer-related miRNAs [18, 19]. According to the 
microarray data, miR-663b expression is twofold higher in 
colorectal cancer compared with normal colon tissues. MiR-
663b was previously reported to promote ovarian cancer 
progression via targeting TUCS2 [20]. The serum levels of 
miR-663b were increased in patients with colorectal cancer 
compared with normal volunteers and its expression could 
act as an independent diagnostic biomarker for colorectal 
cancer [21]. However, the role of miR-663b in colorectal 
cancer remains unclear.

In the current study, we evaluated the role of miR-663b 
in colorectal cancer. We found overexpression of miR-663b 
in colorectal tumors and cell lines. Downregulation of miR-
663b inhibited colorectal cancer cell proliferation and sphere 
forming. Our further study indicated that miR-663b directly 
targeted TNK1 to activate Ras/Raf signaling. Silencing of 
TNK1 rescued miR-663b downregulation induced cell pro-
liferation inhibition and decreased sphere forming ability. 

The data demonstrated that miR-663b promoted colorectal 
cancer progression via TNK1/Ras/Raf signaling.

Materials and methods

Tissue collection

48 pairs of tumors and normal tissues were collected from 
patients with colorectal cancer during surgery in The First 
Hospital of Jilin University from June 2012 to September 
2018. Patients included 31 males and 17 females, aged from 33 
to 74 years. Accordingly to the clinical TNM staging system 
and histological grading [7, 22] were stage I, 22 were stage II, 
11 were stage III and 8 were stage IV; 5 were grade 1, 26 were 
grade II and 17 were grade III. None of the patients received 
chemotherapy, radiotherapy or target therapy before surgery. 
The sample and survival information were obtained from The 
First Hospital of Jilin University. The protocol of the experi-
ments was approved by the Human Research Ethic Committee 
of The First Hospital of Jilin University. All patients provided 
written informed consent. The tissues were stored at − 80 °C 
until required for RNA and protein extraction. All tissues were 
subjected to RNA extraction and RT-qPCR. A total of 12 pairs 
of tissues were subjected to protein extraction and western 
blotting.

Cell culture

Human colorectal cancer cell lines (HCT116 and HT29) were 
obtained from American Type Culture Collection (ATCC, 
Manassas, VA, USA). These cell lines were maintained in 
DMEM (Gibco; Thermo Fisher Scientific, Waltham, MA) 
medium supplemented with 10% FBS. Cells were cultured in 
a 37 °C humidified incubator with 5% CO2.

Overexpression or downregulation of miR‑663 
in colorectal cancer cells

The miR-663b mimic, miR-663b inhibitor, miR-NC (negative 
control) mimic and miR-NC inhibitor were synthesized and 
purchased from RiboBio (Guangzhou, China). Lipofectamine 
3000 was used to transfect miR-663 mimic or miR-663 inhibi-
tor or the negative control into HCT116 and HT29 cells. On 
the first day, 2 × 106 cells were plated in six-well plates. On 
the next day, 20 nmol miR-663 mimic or miR-663 inhibitor or 
the negative control were mixed with 5 μL lipofectamine 3000 
in 500 μL OptiMEM (Invitrogen; Thermo Fisher Scientific), 
incubated for 15 min and then added to the culture medium. 
After 48 h, cells were harvested and subjected to the following 
experiments.
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RNA extraction and reverse 
transcription‑quantitative polymerase chain 
reaction (RT‑qPCR)

Total RNA was extracted from tissues and cells using 
miRNeasy Mini kit (Qiagen, Hilden, Germany) following 
the manufacturer’s protocol. The RNA was quantified with 
the NanoDrop 2000 (Thermo Fisher Scientific), then reverse 
transcribed into first-stranded cDNA with M-MLV Reverse 
Transcriptase (Thermo Fisher Scientific). The cDNA was 
used to perform RT-qPCR with TB Green Fast qPCR Mix 
(TaKaRa, Tokyo, Japan) on a CFX-96 Realtime PCR Sys-
tem (Bio-Rad, Hercules, CA, USA). The PCR conditions 
included predenature at 95 °C for 30 s, denature at 95 °C for 
5 s, prolong at 60 °C for 10 s (40 cycles). U6 and GAPDH 
were internal controls for miRNA and mRNA, respectively. 
Primer sequences: stem loop primer: 5′-CTC​AAC​TGG​TGT​
CGT​GGA​GTC​GGC​AAT​TCA​GTT​GAG​ACT​TTT​G-3′; miR-
663b-forward: 5′-TCG​GCA​GGG​GTG​GCC​CGG​CCGT-3′; 
miR-663b-reverse: 5′-CTC​AAC​TGG​TGT​CGT​GGA​-3′; 
U6-forward: 5′-ATT​GGA​ACG​ATA​CAG​AGA​AGATT-
3′; U6-reverse: 5′-GGA​ACG​CTT​CAC​GAA​TTT​G-3′; 
TNK1-forward: 5′-TGA​AAA​GGC​TAC​GTT​CTG​GGC-3′; 
TNK1-reverse: 5′-ACC​CTC​TGG​GAT​CAG​ACA​CTT-3′; 
GAPDH-forward: 5′-CTG​GGC​TAC​ACT​GAG​CAC​C-3′; 
GAPDH-reverse: 5′-AAG​TGG​TCG​TTG​AGG​GCA​ATG-3′.

Protein extraction and western blotting

The protein lysates were prepared with RIPA lysis buffer 
(Thermo Fisher Scientific) added with a cocktail of pro-
teinase inhibitors and phosphatase inhibitors (Cell Signal-
ing Technology, Danvers, MA, USA). Antibodies of TNK1 
(sc-390359, 1:2000) and ERK1/2 (sc-514302, 1:2000) were 
obtained from Santa Cruz Technology (Dallas, TX). P-MEK 
(#2338, 1:1000), MEK (#9122, 1:1000), P-ERK1/2 (#4370, 
1:1000), YAP1 (#14074, 1:1000) and CD44 (#3570, 1:1000) 
antibodies were purchased from Cell Signaling Technol-
ogy. GAPDH (AM4300, 1:5000) antibody was bought from 
Thermo Fisher Scientific. Secondary antibodies against 
mouse (#7076, 1:10,000) and rabbit (#7074, 1:10,000) were 
purchased from Cell Signaling Technology. The concentra-
tion of protein lysates was determined with the BCA Protein 
Assay Kit (Thermo Fisher Scientific). Lysates containing 
20 μg proteins were loaded in the 8% SDS-PAGE gels and 
separated via electrophoresis. The proteins were transferred 
to the PVDF membranes and incubated with primary anti-
bodies and secondary antibodies sequentially. Finally, the 
blots were developed with the ECL Western Blot Substrate 
(Pierce; Thermo Fisher Scientific). The relative expression 
of proteins was normalized to GAPDH and analyzed with 
Image J software.

Proliferation assay

The proliferation ability of cells was detected with the 
CCK-8 kit (DoJinDo, Toyoko, Japan). Briefly, 1 × 104 cells 
were plated in 96-well plates. At the time point of transfec-
tion, 1, 2 and 3 days after transfection, 10 μL CCK-8 solu-
tion was added into each well and maintained for 2 h. The 
absorbance at 450 nm was determined with a Microplate 
Reader (Bio-Rad) to reflect cell number.

Sphere forming assay

To investigate the sphere formation ability, HCT116 and 
HT29 cells were plated on 96-well ultralow-attachment 
plates (Corning, New York City, NY, USA) at a density of 
500 cells per well. The cells were maintained in sphere-
forming medium made with serum-free DMEM/F12 
medium (Gibco) supplemented with 20 ng/mL basic fibro-
blast growth factor (bFGF, R&D Systems, Minneapolis, 
MN), 20 ng/mL epidermal growth factor (EGF, PeproTech, 
Chicago, IL, USA), ITS (insulin–transferrin–selenium; 
Sigma-Aldrich), and B-27 supplement (Gibco). 15 days 
after plating, tumor spheres were observed and images 
were captured with an inverted phase-contrast microscope 
(Olympus).

Flow cytometry assay

To detect the cell surface expression of CD44, harvested 
cells were blocked with Ca2+, Mg2+-free HBSS (Thermo 
Fisher Scientific) containing 1% goat serum (Thermo Fisher 
Scientific) for 30 min at 4 °C. Cells were then incubated 
with CD44 antibody (1:100) for 1 h at 4 °C. After that, cells 
were incubated with FITC-conjugated secondary antibody 
(#ab7057, 1:2000, Abcam) for 1 h at 4 °C. After washing 
with PBS, cells were subjected to flow cytometry analysis on 
a MACSQuant Analyzer 10 (Miltenyi, Bergisch Gladbach, 
Germany).

Bioinformatic analysis

The expression data of miR-663b in normal colon mucosa 
(n = 381), colon adenoma (n = 51) and colon carcinoma 
(n = 411) were retrieved from GSE115513 dataset and ana-
lyzed by online tool GEO2R using GEO (https​://www.ncbi.
nlm.nih.gov/geo/). The potential target genes of miR-663 
were analyzed on the TargetScan software (http://www.targe​
tscan​.org/vert_72/). There were 3642 target genes predicted 
for miR-663. The top 100 was analyzed. After literature 
review, we noticed that TNK1, a key regulator of Ras sign-
aling and implicated in colorectal cancer, was a potential 
target gene of miR-663.

https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/
http://www.targetscan.org/vert_72/
http://www.targetscan.org/vert_72/
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Dual luciferase reporter assay

The 3′UTR of TNK1 containing putative binding site for 
miR-663b was amplified from HCT116 cDNA and cloned 
into pGL3-basic plasmid. The mutant TNK1 3′UTR was 
constructed with a QuikChange Site-Directed Mutagen-
esis Kit (Agilent Technology, Santa Clara, CA, USA). The 
pGL3-TNK1 3′UTR-WT or pGL3-TNK1 3′UTR-Mut was 
co-transfected with miR-663 mimic or miR-NC mimic into 
cells using Lipofectamine 3000. 48 h after transfection, 
the relative luciferase activity was determined with a Dual 
Luciferase Reporter Assay System (Promega, Madison, WI, 
USA).

Statistical analysis

All data were analyzed with GraphPad Prism 6.0 software. 
The data were presented as mean ± SD. All experiments 
were repeated three times. Differences between two groups 
were compared with Student’s t test. Differences among 
three groups were compared with one-way ANOVA fol-
lowed by Newman–Keuls analysis. Kaplan–Meier analysis 

of overall survival was performed on the 48 patients with 
colorectal cancer. Log-rank test was used for comparison 
between groups. The differences were considered significant 
if p values were less than 0.05.

Results

MiR‑663b expression was decreased in colorectal 
cancer and associated with poor prognosis

To explore the potential tumor-associated miRNAs in 
colorectal cancer, normal colon mucosa (n = 381), colon 
adenoma (n = 51) and colon carcinoma (n = 411), samples, 
previously analyzed for miRNA expression pattern, were 
bioinformatically re-analyzed for differentially expressed 
miRNAs. MiR-663b was identified as an upregulated 
miRNA in both colon adenoma and colon carcinoma com-
pared with normal colon mucosa (Fig. 1a). For validation, 
we collected 48 pairs of colorectal tumors and matched nor-
mal tissues. RT-qPCR data consistently showed that miR-
663b was significantly overexpressed in colorectal tumors 

Fig. 1   The expression of miR-663b was elevated in colorectal tumors. 
a MiRNA expression profile of normal colon mucosa (n = 381), colon 
adenoma (n = 51) and colon carcinoma (n = 411) was downloaded 
from GSE115513. Bioinformatic analysis indicated that miR-663b 
was increased in colon adenoma and colon carcinoma compared 
with colon mucosa. b RT-qPCR was performed to detect miR-663b 
expression in 48 pairs of colorectal tumors and normal tissues. 

The data suggested that miR-663b was overexpressed in colorectal 
tumors. c Kaplan–Meier analysis of overall survival of colorectal 
patients with high and low expression of miR-663b. Patients with 
high expression of miR-663b showed shorter overall survival com-
pared with those with low expression of miR-663b. ***p < 0.001. All 
experiments were repeated three times
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(Fig. 1b). Additionally, according to our obtained survival 
information, patients with high expression of miR-663b 
exhibited a relatively poorer overall survival compared to 
patients with low expression of miR-663b (Fig. 1c).

MiR‑663b promoted colorectal cancer cell 
proliferation and stem‑like property

We next evaluated miR-663b expression in a panel of 
colorectal cancer cell lines (HCT116, HT29, SW620) and 
the immortal colon cells (FHC). RT-qPCR showed that 
miR-663b expression was increased in all colorectal can-
cer cell lines (HCT116, HT29, SW620) when compared 

with the immortal colon cells (FHC) (Fig. 2a). According 
to the expression pattern of miR-663b, we chose HCT116 
and HT29 for further study. We downregulated miR-663b 
expression in HCT116 and HT29 cells by transfection 
of miR-663b inhibitor (Fig. 2b). Cell proliferation assay 
showed that downregulation of miR-663b inhibited cell 
proliferation in HCT116 cells (Fig. 2c). Consistently, 
the proliferation of HT29 cells was also strongly inhib-
ited towards miR-663b downregulation (Fig. 2d). Can-
cer stemness was tightly associated with recurrence, 
drug resistance of colorectal cancer. We investigated the 
impact of miR-663b on the stem-like property of colo-
rectal cancer cells. It was found that downregulation of 

Fig. 2   Downregulation of miR-
663b inhibited cell proliferation 
and sphere forming in colorectal 
cancer cells. a RT-qPCR 
showed that miR-663b was 
overexpressed in HCT116, 
HT29 and SW620 cells when 
compared with FHC cells. 
b Transfection of miR-663b 
inhibitor decreased miR-663b 
expression in HCT116 and 
HT29 cells. c Downregulation 
of miR-663b decreased cell 
viability in HCT116 cells. d 
Downregulation of miR-663b 
decreased cell viability in HT29 
cells. e Downregulation of 
miR-663b decreased number 
of tumor sphere of HCT116 
cells. f Downregulation of miR-
663b decreased the number of 
tumor spheres of HT29 cells. 
**p < 0.01; ***p < 0.001. All 
experiments were repeated three 
times
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miR-663b decreased the number of tumor spheres formed 
by HCT116 cells under anchorage-independent and 
serum-free conditions (Fig. 2e). Also, downregulation of 
miR-663b dramatically decreased the number of tumor 
spheres formed by HT29 cells (Fig. 2f). Together, these 
data suggested that miR-663b expression was essential for 
colorectal cell proliferation and stemness.

MiR‑663b downregulation decreased the activity 
of Ras/Raf signaling and YAP1 expression

Ras/Raf is a well-characterized oncogenic signaling in 
various cancer types including colorectal cancer [23]. 
Western blotting results showed that the phosphorylated 
MEK and ERK1/2 were decreased in HCT116 and HT29 
cells treated with miR-663b inhibitor (Fig. 3a). The ratio 

Fig. 3   Downregulation of miR-663b inactivated Ras/Raf signaling 
in colorectal cancer cells. a Downregulation of miR-663b decreased 
p-MEK and p-ERK1/2 protein expression in HCT116 and HT29 
cells. b Quantification of ratio between phosphorylated and total 
MEK, and phosphorylated and total ERK1/2 in a. c Downregula-
tion of miR-663b decreased YAP1 and CD44 protein expression 

in HCT116 and HT29 cells. d Quantification of YAP1 and CD44 
expression in c. e Flow cytometry analysis of CD44-positive cells in 
HCT116 cells transfected with miR-NC inhibitor or miR-663b inhibi-
tor. f Flow cytometry analysis of CD44-positive cells in HT29 cells 
transfected with miR-NC inhibitor or miR-663b inhibitor. *p < 0.05; 
**p < 0.01; ***p < 0.001. All experiments were repeated three times
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Fig. 4   MiR-663b directly target 3′UTR of TNK1 mRNA. a 3′UTR 
of TNK1 mRNA included binding sites for miR-663b. b RT-qPCR 
showed that downregulation of miR-663b elevated TNK1 mRNA in 
HCT116 and HT29 cells. c Western blotting showed that downreg-
ulation of miR-663b elevated TNK1 protein expression in HCT116 
and HT29 cells. d Quantification of TNK1 protein expression in c. 
e Transfection of miR-663b mimic elevated miR-663b expression in 

HCT116 and HT29 cells. f In the dual luciferase reporter assay, miR-
663b overexpression decreased relative luciferase activity of TNK1 
3′UTR-wild type in HCT116 cells. g In the dual luciferase reporter 
assay, miR-663b overexpression decreased relative luciferase activity 
of TNK1 3′UTR-wild type in HT29 cells. **p < 0.01; ***p < 0.001. 
All experiments were repeated three times
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between phosphorylated MEK/total MEK and phosphoryl-
ated ERK1/2/total ERK1/2 was significantly decreased upon 
miR-663b downregulation (Fig. 3b), suggesting inactivation 
of Ras/Raf signaling. Ras/Raf signaling is involved in regu-
lating of cancer stemness via elevation of YAP1 and CD44 
[24, 25]. Downregulation of miR-663b decreased YAP1 
and CD44 protein expression in HCT116 and HT29 cells 
(Fig. 3c, d). CD44 was a key mediator of cancer stemness 
expressed on the cell surface. Using flow cytometry, we 
observed that the surface expression of CD44 was decreased 
in both HCT116 and HT29 cells transfected with miR-663b 
inhibitor (Fig. 3e, f).

TNK1 was a direct target gene of miR‑663b 
in colorectal cancer cells

We performed bioinformatic analysis to predict potential tar-
get genes of miR-663b. We selected TNK1 for further vali-
dation based on the knowledge that TNK1 was a confirmed 
tumor suppressor of colorectal cancer via the inactivation 
of Ras/Raf signaling. As shown in Fig. 4a, miR-663b could 
be complementary base paired to 3′UTR of TNK1 mRNA. 
In both HCT116 and HT29 cells, miR-663b downregula-
tion increased TNK1 mRNA expression (Fig. 4b). Moreover, 
western blotting further showed that miR-663b downregu-
lation elevated TNK1 protein expression in HCT116 and 
HT29 cells (Fig. 4c, d). To investigate whether miR-663b 
directly regulated TNK1 expression, dual luciferase assay 
was performed. Transfection of miR-663b mimic increased 
miR-663b expression in HCT116 and HT29 cells (Fig. 4e). 
It was observed that overexpression of miR-663b decreased 
relative luciferase activity of TNK1 3′UTR-wild type in 
HCT116 cells (Fig. 4f). Similarly, overexpression of miR-
663b decreased relative luciferase activity of TNK1 3′UTR-
wild type in HT29 cells (Fig. 4g). These data indicated that 
miR-663b directly repressed TNK1 expression in colorectal 
cancer cells.

MiR‑663b regulated YAP1 signaling via repression 
of TNK1

The regulatory association among miR-663b, TNK1 and 
Ras/Raf signaling indicated that miR-663b might regu-
late Ras/Raf signaling via TNK1. We silenced TNK1 in 
HCT116 cells via transfection of TNK1 siRNA (Fig. 5a, b). 
Furthermore, miR-663b downregulation elevated TNK1 and 
decreased YAP1 and CD44 protein expression while TNK1 
silencing attenuated elevated TNK1 and downregulation of 
YAP1 and CD44 expression (Fig. 5c, d). The flow cytometry 
analysis indicated that the percentage of CD44 positive cells 
was decreased after miR-663b downregulation which was 
attenuated towards TNK1 silencing (Fig. 5e).

MiR‑663b regulated cell proliferation and sphere 
forming via repression of TNK1

To study the involvement of TNK1 in the function of miR-
663b, we detected cell viability in HCT116 cells treated 
with miR-663b inhibitor with or without TNK1 silencing. 
Downregulation of miR-663b decreased cell viability and 
silencing of TNK1 elevated cell viability (Fig. 6a). Simi-
larly, TNK1 silencing also attenuated reduction of cell 
viability induced by miR-663b downregulation in HT29 
cells (Fig. 6b). The sphere-forming ability of HCT116 was 
inhibited by miR-663b inhibitor and reversed after TNK1 
silencing in HCT116 and HT29 cells (Fig. 6c, d). The data 
above demonstrated that miR-663b controls cell proliferation 
and stemness via targeting TNK1 in colorectal cancer cells.

TNK1 was reversely correlated with miR‑663b 
expression in colorectal tumors and normal tissues

To investigate the clinical relevance of miR-663b/TNK1, 
we detected TNK1 expression in 48 pairs of tumors and 
normal tissues from 48 patients with colorectal cancer. RT-
qPCR showed that TNK1 mRNA expression was greatly 
decreased in tumors (Fig. 7a). We also performed western 
blotting to detect TNK1 expression in 12 pairs of tumors and 
normal tissues. TNK1 protein expression was significantly 
decreased in colorectal tumors (Fig. 7b, c). Moreover, Pear-
son correlation analysis indicated a strong negative correla-
tion between miR-663b and TNK1 expression in tumors and 
normal tissues from those patients (Fig. 7d). These results 
suggested a potential role of miR-663b/TNK1 during colo-
rectal cancer development.

Discussion

The published data suggested a controversial role of miR-
663b in cancer cells. For instance, the increased expression 
of miR-663 was associated with good prognosis of breast 
cancer patients [26]. MiR-663 was downregulated in pan-
creatic cancer and inhibited cancer cell proliferation and 
invasion via targeting eEF1A2 [27]. MiR-663 suppressed 
glioblastoma progression via targeting oncogene CXCR4 
[28]. In hepatocellular cancer, miR-663 was involved in 
endoplasmic reticulum stress induced cell apoptosis and 
inhibited cell proliferation [29], which supported a tumor 
suppressor role of miR-663 in cancer cells. However, there 
were studies about the oncogenic role of miR-633 in cancer 
cells, for instance, miR-663 directly controlled two targets 
PUMA/BBC3 and BTG2 to regulate apoptosis and sustained 
NSCLC cell survival [30]. In nasopharyngeal carcinoma, 
miR-663b promoted cancer cell proliferation, migration, 
invasion and epithelial–mesenchymal transition by targeting 
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Fig. 5   TNK1 was involved in regulation of YAP1 signaling by miR-
663b. a Transfection of TNK1 siRNA decreased TNK1 protein 
expression in HCT116 cells. b Quantitative analysis of TNK1 expres-
sion in a. c Western blotting showed that miR-663b downregula-
tion elevated TNK1, decreased YAP1 and CD44 protein expression 
which was reversed after TNK1 silencing in HCT116 cells. d Quan-

tification of TNK1, YAP1 and CD44 protein expression in c. e The 
flow cytometry was used to detect CD44 expression on the surface 
of HCT116 cells. Downregulation of miR-663b decreased proportion 
of CD44 positive cells and TNK1 silencing elevated proportion of 
CD44 positive cells. **p < 0.01; ***p < 0.001. All experiments were 
repeated three times
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SMAD7 and TUSC2 [31, 32]. In addition, miR-663b also 
suppressed bladder cancer via targeting TUSC2 [33]. A 
most recent study discovered that miR-663 was upregu-
lated in serum from colorectal cancer patients compared 
with healthy volunteers and could serve as an independent 
biomarker for colorectal cancer diagnosis [21]. Based on 
previously released miRNA array data, our bioinformatic 
analysis identified miR-663b as one of most significantly 
upregulated miRNAs in colon adenoma and carcinoma. 
Our RT-qPCR results confirmed the upregulation of miR-
663b in colorectal tumors. Kaplan–Meier analysis suggested 
that high expression of miR-663b was associated with poor 
prognosis of patients. Cancer stem cells are featured with 

self-renewal ability and play major roles during colorectal 
cancer initiation, recurrence and drug resistance [34]. In 
cell-based assays, we observed that miR-663b downregula-
tion suppressed cell proliferation and stemness of colorectal 
cancer cells. Our study revealed a pivotal role of miR-663b 
in colorectal cancer.

TNK1 is a recently identified tumor suppressor [35]. 
Knockout of TNK1 induced spontaneous cancers in mice in 
various sites including colon. Via TargetScan, it was found 
that TNK1 was a potential target gene of miR-663b. West-
ern blotting, RT-qPCR and dual luciferase reporter assay 
provided evidences that miR-663b directly targeted TNK1 
mRNA to downregulate TNK1 expression in colorectal 

Fig. 6   Downregulation of miR-663b inhibited cell proliferation and 
sphere forming via elevation of TNK1. a Downregulation of miR-
663b inhibited cell proliferation which was reversed after TNK1 
silencing in HCT116 cells. b Downregulation of miR-663b inhibited 
cell proliferation which was reversed after TNK1 silencing in HT29 

cells. c Downregulation of miR-663b inhibited sphere forming which 
was reversed after TNK1 silencing in HCT116 cells. d Downregula-
tion of miR-663b inhibited sphere forming which was reversed after 
TNK1 silencing in HT29 cells. **p < 0.01; ***p < 0.001. All experi-
ments were repeated three times
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cancer cells. These results indicated TNK1 was a novel 
target gene of miR-663b and first provided data on how 
TNK1 was regulated in cancer cells. TNK1 upregulated 
the expression of Ras-negative regular Rap1A and down-
regulated the activation of Ras pathway in cancer cells [11]. 
In two colorectal cancer cell lines, we also observed inac-
tivation of Ras signaling after miR-663b downregulation, 
in HCT116 cells, silencing of TNK1 reversed miR-663b 
downregulation-induced inactivation of Ras signaling. These 
data suggested that miR-663b repressed TNK1 expression 
to control Ras signaling activity. The stemness of colorectal 
cancer cells was maintained via Ras signaling-dependent 
YAP1 expression [24]. The downregulation of YAP1 and 
CD44, a YAP1 target gene, was observed after miR-663b 
inhibition in colorectal cancer cells. Furthermore, silenc-
ing of TNK1 reversed miR-663b-downregulation-induced 
downregulation of YAP1 and CD44. These findings implied 
that miR-663b might control proliferation and stemness of 
colorectal cancer cells via targeting TNK1. Indeed, we found 
that TNK1 silencing reversed miR-663b inhibitor-induced 
cell proliferation and stemness inhibition in two colorectal 
cancer cell lines. The data supported a miR-663b/TNK1/
Ras/YAP1 axis in colorectal cancer.

Our study highlighted a pivotal role of miR-663b in colo-
rectal cancer. The results of cell-based assays showed that 
miR-663b promoted the expression of colorectal cancer 
stemness-related genes via targeting TNK1 to activate Ras 
pathway, provided novel insights into the role of miR-663b 
and the regulation of TNK1 in colorectal cancer.
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Fig. 7   Expression of TNK1 was reversely correlated with miR-663b 
in tumors and normal tissues. a RT-qPCR was performed to detect 
TNK1 mRNA expression in 48 pairs of colorectal tumors and normal 
tissues. The data suggested that TNK1 mRNA was decreased in colo-
rectal tumors. b Representative western blotting showed that TNK1 
was downregulated in colorectal tumors compared to normal tissues 

from two colorectal cancer patients. c TNK1 protein expression was 
significantly decreased in 12 colorectal tumors compared to their 
counterparts. d Pearson correlation analysis showed that the TNK1 
mRNA expression was negatively correlated with miR-663b levels 
in tumors and normal tissues from 48 patients with colorectal cancer. 
***p < 0.001. All experiments were repeated three times
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