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Abstract. Aberrant expression of microRNA (miRNA) is 
important in the progression of various human cancers, 
however further investigation is required in order to fully 
elucidate mechanisms of and validate actions of endogenous 
non‑coding RNAs. The present study demonstrated that the 
expression of miR‑646 was downregulated in colorectal 
cancer tissues and cell lines. Notably, it was observed that 
miR‑646, a tumor suppressor, inhibited colorectal cancer 
cell progression through directly targeting Nin one binding 
protein (NOB1) expression, which possesses anti‑tumor prop-
erties in colorectal cancer. Furthermore, knockdown of NOB1 
expression was responsible for the tumor‑suppressive effect 
of miR‑646. The findings suggest that miR‑646 may act as a 
therapeutic target for the treatment of colorectal cancer.

Introduction

Colorectal cancer is one of the most prevalent gastrointestinal 
cancers in the world, accounting for 9% of adult malignan-
cies (1,2). Unfortunately, an astounding number of colorectal 
cancer patients have advanced stages diagnosed at initial 
diagnosis (3). Although surgical resection remains the most 
curative treatment for colorectal cancer and improves the 
prognosis of patients, its effect is still limited because patients 
finally develop relapse or metastasis  (4,5). Therefore, the 
improvement of new diagnostic and treatment strategy for 
colorectal cancer is urgently required.

In mammals, microRNAs (miRNAs) are a class of small, 
non‑protein‑coding potential, single‑stranded RNAs which 
suppress the expression of target genes through directly 
binding to the 3'‑untranslated region (UTR) of mature 
mRNAs (6,7). Notably, miRNAs have been reported to be 
differently expressed in human cancers and play crucial roles 
in cell growth, migration, apoptosis, angiogenesis, invasion, 

metastasis and so forth (8‑12). miRNAs serve as oncogene 
or tumor suppressor in various human cancers, involving 
colorectal cancer  (13‑15). Specifically, miR‑646 is a novel 
miRNAs which was first discovered to be mammalian 
specific (16). Previous studies reported that miR‑646 functioned 
as an anti‑tumor miRNA which abrogated human lung cancer 
or renal caner progression (17,18). Importantly, one genomic 
deletion was encountered involving miR‑646/AK309218 
in copy number variants (CNVs) of colorectal cancer (19). 
In CpG Island Methylator Phenotype positive (CIMP+) 
colorectal tumors, miR‑646 was downregulated compared 
with other tumor markers (20). However, the role of miR‑646 
in colorectal cancer is yet to be elucidated.

NOB1, as an essential protein encoding the Nin one binding 
protein by two‑hybrid screening, is originally discovered in 
Saccharomyces cerevisiae and involved in the proteasome as 
well as ribosome biogenesis (21‑23). The human NOB1 gene, 
localized in the nucleus, is mainly expressed in the prostate, 
colorectal and lung (24‑26). NOB1 plays pivotal role of modu-
lating some physiological and pathological functions  (27). 
Upregulation of the NOB1 gene is identified to elicit various 
human cancers. In human ovarian cancer, downregulation of 
NOB1 inhibits cell proliferation (28). Similarly, the disregu-
lated expression of NOB1 is identified in papillary thyroid 
carcinoma and involved in tumorigenesis (29). Suppressed 
NOB1 blocked various human cancer progressions, including 
colorectal cancer (30), non‑small cell lung cancer (31), oral 
squamous cell carcinoma (31), laryngeal cancer (31) and so 
forth.

In the present study, we demonstrated that miR‑646 serves as 
a tumor‑suppressive miRNA in colorectal cancer, which blunted 
colorectal cancer cell proliferation and migration. Furthermore, 
miR‑646 attenuated NOB1 protein level through directly binding 
its 3'UTR. Notably, we further investigated that downregulation 
of NOB1 also depressed colorectal cancer progression.

Materials and methods

Clinical sample. A total of 15 colorectal cancer tissues and 
normal tissues were obtained for patients who underwent 
surgical resections at the first Department of General Surgery, 
Shidong Hospital (Shanghai, China). The fresh tissues were 
frozen in liquid nitrogen to protect the protein or RNA away 
from degradation. The use of human tissues was approved by 
the ethics committee of Shidong Hospital.
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Cell culture. The human colorectal cancer cell lines HCT116, 
SW480, SW620 and normal adult human intestine cell lines 
NCM460 were obtained from Cell Bank of the Chinese 
Academy of Sciences (Shanghai, China). HCT116, SW480, 
SW620 were cultured in serum‑containing medium as recom-
mended in a humidified 5% CO2 atmosphere at 37˚C. The 
normal adult human intestine cell lines NCM460 was cultured 
in M3 base media as previously described (32).

Cell transfection and vector construction. According to manu-
facturer's protocol, miR‑646/mock (GenePharma, Shanghai, 
China) and scrambled shRNA (stem‑loop‑stem structure) 
against NOB1 (sh‑NOB1)/sh‑con (Guangzhou RiboBio Co., 
Ltd., Guangzhou, China) were transiently transfected in 
SW480 or SW620 cells using Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA, USA) at a final concentration of 50 nM. The 
cells were harvested at 48 h after transfection. The effects 
of gene silencing were measured via western blotting and 
real‑time PCR analysis.

The sh‑NOB1 sequence was designed and synthesized 
(sh‑NOB1: 5'‑AAG​GTT​AAG​GTG​AGC​TCA​T‑3'). The 
sh‑con sequence was designed and synthesized: 5'‑AAT​
TCT​CCG​AAC​GTG​TCA​CGT‑3'. The full‑length NOB1 
(NM_014062.2) cDNA containing plasmid was ordered 
from IBSbio (IBS Solutions Co. Ltd, Shanghai, China). The 
complete NOB1 cDNA was reverse transcribed by PCR and 
ligated into the pcDNA3.1 mammalian expression vector 
(Invitrogen).

MTT assay. Five days after lentivirus infection, SW480 or 
SW620 cells were trypsinized, resuspended, seeded in a 
96‑well plate with a density of 2x103 cells/well and incubated 
at 37˚C. The number of viable cells was measured at daily 
intervals (days 1‑5). At each time‑point, 20 µl of 5 mg/ml 
MTT (Dingguo Biotechnology, Beijing, China) was added and 
incubation was continued for 4 h. At the end of the incubation 
period, the medium was removed carefully and 150 µl of acidi-
fied isopropanol (in 0.01 M HCl) was added. The plates were 
agitated and the absorbance was measured at 490 nm on the 
spectrophotometer Biotek ELx800 (Beijing, China). Each data 
point was collected from five parallel wells.

Colony formation assay. The SW480 or SW620 cells were 
seeded in 6‑well plates (8x102 cells/well) (in three duplicate 
wells) and cultured at 37˚C in 5% CO2. After two weeks, the 
cells were washed with PBS once and fixed with paraformal-
dehyde for 30 min and washed with PBS and stained with 
Giemsa for 20 min. ddH2O was used to wash the cells three 
times to obtain a clean background. The number of colonies 
and cell number in each colony were counted and statistically 
analyzed.

Wound‑healing assay. SW480 or SW620 cells were cultured in 
25 cm2 culture flask to 80‑90% confluency, collected by diges-
tion and centrifugation, and then seeded into six‑well plates at 
2.5x105 cells per well. miR‑646 mimic/mock or sh‑NOB1/sh‑con 
was transfected into SW480 or SW620 cells. The floating cells 
were removed by washing with PBS, and the width of scratch 
was observed at 0 and 48 h using inverted microscope (50‑fold). 
Each experiment was repeated three times.

Quantitative real‑time PCR (qRT‑PCR). Total RNA 
from tissues or cells were extracted using Trizol reagent 
(Invitrogen) according to the manufacturer's protocol. 
cDNAs were synthesized using a PrimeScript RT reagent 
kit (Takara Bio, Inc., Otsu, Japan). qRT‑PCR was performed 
with KAKA SYBR FAST qPCR kit (Kapa Biosystems, Inc., 
Wilmington, MA, USA) using a 7900HT Fast Real‑Time 
PCR system (Applied Biosystems Japan Ltd., Tokyo, Japan). 
The expression level were normalized to endogenous small 
nuclear RNA U6 or GAPDH. The 2‑ΔΔCt method was 
used to analyze the expression level relative to the endog-
enous control. Following primers were used: NOB1‑Forward, 
5'‑ATC​TGC​CCT​ACA​AGC​CTA​AAC‑3'; NOB1‑Reverse, 
5'‑TCC​TCC​TCC​TCC​TCC​TCA​C‑3'; U6‑Forward, 5'CTC​GCT​
TCG​GCA​GCA​CA3'; U6‑Revers, 5'AAC​GCT​TCA​CGA​ATT​
TGC​GT3'; GAPDH‑Forward, 5'‑GAA​GGT​GAA​GGT​CGG​
AGT​C‑3'; GAPDH‑Reverse, 5'‑GAA​GAT​GGT​GAT​GGG​ATT​
TC‑3'.

Protein extracting and western blot analysis. The cells were 
lysed using RIPA buffer plus protease inhibitors and phos-
phatase inhibitors. For western blot analysis, 25 µg of protein 
extracts were loaded to 12% sodium dodecylsulfate‑polyacryl-
amide gel electrophoresis gels and transferred to nitrocellulose 
membranes. The membranes were incubated with a primary 
antibody at 4˚ overnight, and incubated with a secondary anti-
body in 1 h with room temperature. The expression of GAPDH 
was used as loading control. The information of antibodies 
were listed as follow: NOB1 (1:10,000; Abcam, Cambridge, 
MA, USA) or GAPDH (1:5,000; Santa Cruz Biotechnology, 
Inc., Dallas, TX, USA).

Luciferase reporter assay. Luciferase reporter assay using 
the one step directed cloning kit (Novoprotein, Shanghai, 
China). The 3'untranslated regions (3'UTR) of NOB1 mRNA 
containing the intact miR‑646 recognition sequences were 
PCR‑amplified and subcloned into the Sac I and Sal I sites 
of pmirGLO vector. The wild‑type plasmid was created 
containing the 3'‑UTR of NOB1 with complementary 
sequence of miR‑646 (NOB1 3'‑UTR wt), and mutant plasmid 
with the mutation sequence without complementary sequence 
of miR‑646 (NOB1 3'‑UTR mut1, mut2 and mut3). Following 
primers were used: (Forward) NOB1‑3'‑UTR wild‑F, 5'‑CAA​
GCT​TAG​CGA​GTT​CCC​GCA​GGC​AAA​T‑3'; (Reverse) 
NOB1‑3'‑UTR wild‑R, 5'‑CTC​TAG ​ACA​TGA​TCT​CTG​GGC​
ACA​C‑3';

Statistical analysis. All data were analyzed using the 
Graphpad 6.0 statistical software. Results are expressed as 
means ± SD from at least 3 independent experiments. P<0.05 
was considered to indicate a statistically significant difference.

Results

miR‑646 is downregulated in colorectal cancer tissues and cell 
lines. To explore the expression of miR‑646 in colorectal cancer, 
we first performed quantitative real‑time PCR (qRT‑PCR) to 
detect miR‑646 mRNA level in colorectal cancer tissues and 
non‑tumorous tissues from 15 colorectal cancer patients. The 
results proved that the expression of miR‑646 was remarked 
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downregulated in colorectal cancer compared to adjacent 
non‑cancerous tissues (P<0.05) (Fig. 1A). Furthermore, the 
mRNA level of miR‑646 was lower‑expressed in various 
colorectal cancer cell lines, involving HCT116, SW480 and 
SW620 compared to normal adult human intestine cell lines 
NCM460 (Fig. 1B).

Taken together, the results above indicated that the level 
of miR‑646 was reduced in colorectal cancer tissues and cell 
lines.

miR‑646 attenuates colorectal cancer proliferation and 
migration in vitro. To examine the phenotypic role of miR‑646 
in colorectal cancer progression, we constructed colorectal 
cancer cell lines (SW480 and SW620) with miR‑646 mimics 
to overexpress miR‑646 expression(Fig. 2A). As Fig. 2B and C  
showed, MTT assay revealed that overexpressed miR‑646 
(miR‑646) suppressed colorectal cancer cell proliferation in 
both SW480 and SW620 cell lines compared to the control 
group (mock). Similarly, we also substantiated that miR‑646 
attenuated cell proliferation in both cells using colony forma-
tion assay (Fig. 2D and E). In addition, compared to mock group, 
miR‑646 mimic significantly abolished colorectal cancer cell 
migration through wound‑healing assay (Fig. 2F and G).

Taken together, all data above suggested that miR‑646 
inhibited colorectal cancer cell proliferation and migration.

miR‑646 directly targets NOB1. To dissect the detailed 
mechanism underlying miR‑646‑mediated depression of 
colorectal cancer progression, we used two different miRNA 
target‑predicting algorithms (miRTarBase and microRNA) to 
select the potential target genes of miR‑646 and then focused on 
only one candidate target genes related with cell proliferation 
and migration (NOB1) (Fig. 3A). Fig. 3B showed that NOB1 
included three putative miR‑646 binding sites in its 3'UTR 
region. We constructed luciferase reporters through cloning 
the 3'‑UTR of NOB1 wild‑type as well as NOB1 mutant‑type 
via the deletion complementary sequence located at 365‑383 
(Mut1), 323‑341 (Mut2) and 213‑234 (Mut3) (Fig.  3C). 

Dual‑luciferase reporter assays elucidated that the coexpres-
sion of miR‑646 in 293T cells significantly reduced the firefly 
luciferase reporter activity of the NOB1 wild‑type 3'‑UTR but 
barely impacted the mutant 3'‑UTR (Fig. 3D). Interestingly, for 
reporters with a single mutant 3'‑UTR, only that of the NOB1 
mut1 was also downregulated by miR‑646 (Fig. 3D). This 
result attested that wild‑type and mut2/3 3'‑UTR of NOB1 
were targeted by miR‑646. In addition, we performed WB to 
confirm that overexpressed miR‑646 blunted NOB1 protein 
level into both colorectal cancer cell lines (Fig. 3E).

Taken together, these results suggested that miR‑646 abro-
gated NOB1 protein and activity through directly targeting the 
3'‑UTR of NOB1.

Sh‑NOB1 deletes cell proliferation and migration in colorectal 
cancer. In an attempt to visualize the functional role of NOB1 
in colorectal cancer, we knocked down NOB1 expression 
with sh‑NOB1 and WB analysis substantiated that sh‑NOB1 
potently interfered NOB1 protein in both cell lines (Fig. 4A). 
As expected, sh‑NOB1 minimized cell proliferation with 
MTT assay (Fig. 4B) and colony formation assay (Fig. 4C). In 
parallel, sh‑NOB1 substantially depressed cell migration capa-
bility through wound‑healing assay (Fig. 4D), consistent with 
the phenotype caused by overexpressed miR‑646 in colorectal 
cancer.

Taken together, all data above suggested that sh‑NOB1 
attenuated colorectal cancer cell progression.

Discussion

In the present work, we reported that miR‑646 expression 
was downregulated in colorectal cancer tissues and cell 
lines compared to that in surrounding non‑cancerous tissues 
as well as normal human intestine cells. Functional studies 
certified that overexpressed miR‑646 obviously suppressed 
cell growth and cell migration via MTT, colorectaly forma-
tion and wound healing assay in SW480 and SW620 cell 
lines. Importantly, miR‑646 targeted downstream gene 

Figure 1. miR‑646 is downregulated in colorectal cancer tissues and cell lines. (A) Comparison of miR‑646 expression in 15 paired colorectal cancer tissues 
and adjacent non‑cancer tissues via qRT‑PCR. U6 was used as an internal control. (B) miR‑646 expression in a series of the human colorectal cancer cell lines 
(HCT116, SW480, SW620) and normal adult human intestine cell lines NCM460. *P<0.05.
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NOB1 through directing binding a regulatory element in 
its coding region. Furthermore, knocking‑down NOB1 
expression was responsible for the tumor‑suppressive effect 
of miR‑646. Collectively, all these findings supported 
the conclusion that bona fide miR‑646 served as a key 
modulator of NOB1 expression in human colorectal cancer 
cells, which revealed a novel mechanism of colorectal  
cancer progression.

Altered miRNAs expression has been reported to be asso-
ciated with tumor progression and overall survival in patients 

with colorectal cancer. A series of miRNAs have been shown 
to be anti‑miRNAs in colorectal cancer. Zhang et al identi-
fied that miR‑600 abolished cell proliferation, migration and 
invasion by targeting p53 in mutant p53‑expressing human 
colorectal cancer cell lines  (33). Another study reported 
that miR‑219‑5p attenuated the proliferation and invasion 
of colorectal cancer cells by targeting calcyphosin  (34). 
Recently, miR‑145, acting as a classic anti‑miRNA, could 
inhibited human colorectal cancer cell migration and inva-
sion via PAK4‑dependent pathway  (35). On the contrary, 

Figure 2. miR‑646 attenuates colorectal cancer proliferation and migration in vitro. (A) qRT‑PCR analysis after the transfection with miR‑646 in SW480 and 
SW620 cells when compared to that of mock group. (B‑C) MTT proliferation change with miR‑646 comparing to mock in SW480 (B) and SW620 (C) cells. 
(D‑E) Colony formation assay after the transfection with miR‑646 in SW480 (D) and SW620 (E) cells when compared to that of mock group. (F‑G) Wound 
healing assay after the transfection with miR‑646 in SW480 (F) and SW620 (G) cells when compared to that of mock group. *P<0.05 vs. (A‑C, F, G) mock or 
(D and E) miR‑NC.
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an astounding number of miRNAs have been reproted to 
be an oncogene in colorectal cancer. Specifically, miR‑141 
facilitated colon cancer cell proliferation by inhibiting 
MAP2K4  (36). Liu  et  al demonstrated that miR‑19a  
enhanced colorectal cancer proliferation and migration 
by targeting TIA1  (37). Lu  et  al miR‑146a induced cell 
migration and invasion in human colorectal cancer via 
carboxypeptidase M/src‑FAK pathway (38). In brief, aberrant 
miRNAs could function as tumor suppressors or oncogenes  
involving multiple biological functions in colorectal cancer 
development.

A bulk of evidence indicated that miR‑646 acted as a tumor 
suppressor in various human cancers (17,18). Specially, upregu-
lated miR‑646, which was a prognosis factor for overall survival 
of lung cancer, not only decreased EGFR pathway, but also 

reduced cell proliferation and metastasis of lung cancer (17). On 
the other hand, miR‑646 functioned as an anti‑tumor miRNA 
to repress cell growth and migration in renal cancer  (18). 
Consistently, our present findings also demonstrated that 
miR‑646 was downregulated in colorectal cancer tissues and 
cell lines to block tumor progression through downregulating 
specific oncogenic targets‑NOB1. Therefore, miR‑646 could 
be considered as a vital tumor suppressor in vast majority  
of human cancers.

Previous studies elucidated that NOB1 was found to 
be upregulated in various human tumors and could be the 
potential target for several miRNAs (39‑41). Specifically, 
NOB1, as the target gene of miR‑326, was associated with 
poor prognosis in glioma and gastric cancer. In cervical 
cancer, NOB1 reversed the effect of miR‑139‑3p on inhibiting 

Figure 3. miR‑646 directly targets NOB1. (A) The schematic illustration of the proposed model depicting of NOB1 as the potential target gene of miR‑646 
as mentioned above from 2 microRNA prediction databases, miRTarBase and microRNA. (B) The possible binding sites in the 3'UTR of NOB1. (C) NOB1 
were predicted to be miR‑646 targets, including predicted binding site in the 3'‑UTRs of NOB1; sequences of the wild‑type (NOB1 3'‑UTR) and mutated 
3'‑UTR‑Renilla luciferase reporters (NOB1 3'‑UTR Mut1, Mut2 and Mut3). (D) NOB1 3'‑UTR luciferase reporter assays in 293 T cells. (E) Western blot 
analysis for NOB1 protein levels of miR‑646 comparing to mock transfection in SW480 and SW620 cell lines.*P<0.05 vs. miR‑NC.
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cell metastasis while inducing cell apoptosis. In our work, 
we reported that downregulation of NOB1, as a target of 
miR‑646, attenuated cell growth and migration of colorectal 
cancer.

In conclusion, our report substantiated that miR‑646 acts as 
a suppressive non‑coding RNA to mediate colorectal cancer cell 
progression through targeting NOB1 expression. Our finding 
provided a new therapeutic approach of colorectal cancer.

Figure 4. Sh‑NOB1 deletes cell proliferation and migration in colorectal cancer. (A) Western blot analysis for NOB1 protein levels of sh‑NOB1 comparing to 
sh‑con transfection in SW480 and SW620 cell lines. (B‑C) MTT proliferation change with sh‑NOB1 comparing to sh‑con in SW480 (B) and SW620 (C) cells. 
(D‑E) Colony formation assay after the transfection with sh‑NOB1 in SW480 (D) and SW620 (E) cells when compared to that of sh‑con group. (F‑G) Wound 
healing assay after the transfection with sh‑NOB1 in SW480 (F) and SW620 (G) cells when compared to that of sh‑con group.*P<0.05 vs.sh‑con.
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