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Abstract: Breast cancer is considered to be the most frequently diagnosed malignancy in women worldwide. MicroR-
NAs (miRNAs) play key roles in the regulation of tumor properties based on their capacity to regulate the expression 
of tumor-related genes. However, the involvement of miR-196b-5p in breast cancer development is largely unknown. 
Here, we showed that the expression levels of miR-196b-5p were significantly down-regulated in breast cancer 
samples and cell lines compared to the matched normal tissues and breast epithelial cell line, respectively. Notably, 
the expression of miR-196b-5p was negatively associated with lymph node metastasis and the progression of clini-
cal stage in patients with breast cancer. MiR-196b-5p over-expression significantly inhibited the proliferation and mi-
gration of MDA-MB-231 and MDA-MB-468 cells in breast cancer. Furthermore, combining bioinformatics prediction 
and biochemical analyses, we showed that COL1A1 (collagen type I alpha 1 chain) was a direct downstream target 
gene of miR-196b-5p. Furthermore, overexpression of COL1A1 partly abrogated miR-196b-5p-mediated inhibition 
of proliferation and migration in MDA-MB-231 and MDA-MB-468 cells. Our data collectively indicate that miR-196b-
5p inhibits cell growth and metastasis in breast cancer through down-regulating COL1A1, supporting the targeting 
of the new miR-196b-5p/COL1A1 axis as a promising effective therapeutic approach for breast cancer.
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Introduction

Breast cancer is the leading cause of cancer-
related death for women worldwide, and metas-
tasis is the most common cause of death in 
patients with breast cancer [1]. Considerable 
progress in breast cancer treatment has been 
made over the past decades; however, due to a 
lack of specific and effective therapeutic tar-
gets, breast cancer treatment remains a chal-
lenge [2, 3]. Thus, identification of potential 
molecular mechanism as effective diagnostic 
and therapeutic targets for this cancer remains 
an urgent medical need.

MicroRNAs (miRNAs) are a type of endogenous 
and small non-coding RNAs that are typically 
18-24 nucleotides in length [4]. MiRNAs can 
recognize complementary sequences in the 
3’-UTRs of target genes as well as lead to sup-
press the protein translation of these tran-

scripts and/or degrade target mRNAs [5]. 
Existing studies have shown that miRNAs are 
involved in the regulation of multiple pathologi-
cal processes that contribute to cell growth, dif-
ferentiation, apoptosis as well as metastasis, 
playing key roles in the progression of human 
cancer [6]. Multiple miRNAs, including miR-182, 
miR-372, and miR-421 are known to play onco-
genic roles in the carcinogenesis of breast can-
cer [7-9], whereas others (miR-485-5p, miR-
577, and miR-625) are down-regulated and 
function as tumor suppressor genes [10-12].

MiR-196b-5p locates on human chromosome 
7p15.2. Previous data have revealed that miR-
196b-5p is dysregulated and involved in carci-
nogenesis of several types of human cancer, 
including colorectal cancer [13], gastric cancer 
[14, 15] and prostate cancer [16]. However, lit-
tle is known about the role and molecular 
mechanism of miR-196b-5p in breast cancer. In 
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this study, we investigated the expression pat-
terns of miR-196b-5p in human breast cancer 
tissues and cell lines, followed by functional 
analyses in MDA-MB-231 and MDA-MB-468 

tion were described in Table 1. Human breast 
cancer cell lines (MDA-MB-468 and MDA-
MB-231), and the breast epithelial cell line 
(HBL-100) were obtained from the Type Culture 

Table 1. Summary of clinicopathological features of patients with 
breast cancer

Patient number Age 
(years)

Clinical 
stage

LN  
metastasis

Perineural 
invasion

ER 
status

HER-2 
status

1 62 III-IV Yes Yes Negative Positive
2 64 III Yes No Positive Negative
3 47 II No No Positive Negative
4 59 III-IV Yes No Positive Negative
5 55 II No No Positive Negative
6 51 II No No Positive Negative
7 55 III-IV Yes No Positive Negative
8 63 I-II No No Positive Negative
9 58 III-IV Yes No Positive Positive
10 49 III Yes No Positive Negative
11 56 II No No Positive Negative
12 59 III Yes No Positive Negative
13 66 II No No Positive Negative
14 51 II No No Positive Negative
15 54 III-IV Yes No Negative Positive
16 46 I-II No No Positive Negative
17 58 IV Yes Yes Negative Positive
18 50 II No No Positive Negative
19 47 I-II No No Positive Negative
20 68 III-IV Yes No Positive Negative
21 63 III Yes No Positive Negative
22 72 II No No Positive Negative
23 61 III Yes No Positive Negative
24 62 III-IV Yes No Positive Positive
25 41 II No No Positive Negative
26 65 III-IV Yes No Positive Negative
27 66 II No No Positive Negative
28 54 III Yes No Positive Negative
29 59 III-IV Yes No Positive Negative
30 60 IV Yes Yes Negative Positive
31 63 II No No Positive Negative
32 39 III No No Positive Positive
33 44 II No No Positive Negative
34 61 III Yes No Positive Negative
35 58 III-IV Yes No Negative Negative
36 58 II No No Positive Negative
37 45 IV Yes Yes Positive Positive
38 42 II No No Positive Negative
39 61 III-IV Yes No Positive Negative
40 49 III No No Positive Negative
LN: lymph node. 

cells. Our data revealed 
that miR-196b-5p was 
down-regulated in breast 
cancer tissues and cell 
lines. The expression of 
miR-196b-5p in breast 
cancer was inversely cor-
related with lymph node 
metastasis and the pro-
gression of clinical sta- 
ge in breast cancer pa- 
tients. Moreover, our 
results clearly suggest- 
ed that miR-196b-5p 
inhibited cell growth and 
metastasis in breast ca- 
ncer via down-regulating 
COL1A1 (collagen type I 
alpha 1 chain) expres-
sion, further supporting 
miR-196b-5p as a poten-
tial therapeutic target in 
breast cancer. 

Material and methods

Clinical samples and cell 
lines

Forty breast cancer tis-
sues and matched nor-
mal tissues were collect-
ed at the Department  
of General Surgery, Ji- 
angxi Provincial People’s 
Hospital between Jan- 
uary 2009 and October 
2015. Samples were fro-
zen immediately at liq- 
uid nitrogen and used  
for extraction of RNA and 
protein. All patients pro-
vided consent for use of 
samples in study, and 
this clinical research was 
also approved by the 
Ethics Committee of Ji- 
angxi Provincial People’s 
Hospital (No. JX201600- 
7453). Specimens char-
acteristics and informa-
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Collection of the Chinese Academy of Sciences 
(Shanghai, China). 

Cell culture and cell transfection

All cell lines were cultured in Dulbecco’s 
modified Eagle’s medium (DMEM; Gibco, Ca- 
rlsbad, CA, USA) supplemented with 10% fet- 
al bovine serum (FBS; Gibco, Carlsbad, CA, 
USA), and incubated at 37°C in a humidified 
chamber containing 5% CO2. For cell transfec-
tion, MDA-MB-468 and MDA-MB-231 cells 
were seeded into a 6-well plate (6 × 104 cells/
well) the day prior to transfection. Then, cells 
were transiently transfected with 50 nM miR-

196b-5p mimics or 50 nM mimics control 
(RiboBio, Guangzhou, China) by using Lipo- 
fectamine 2000 transfection reagent (Invi- 
trogen, CA, USA), according to the manufactur-
er’s protocols. At 24 h after cell transfection, 
the cells were collected and used for following 
analysis.

RNA isolation and real-time quantitative PCR 
(qRT-PCR)

Total RNA was isolated with the TRIzol® reagent 
(Invitrogen, CA, USA), according to the manu-
facturers’ protocols. The RevertAid First Str- 
and cDNA synthesis kit (Thermo Scientific, 
Massachusetts, USA) was applied for cDNA 
generation. MiScript SYBR Green PCR Kit 
(Qiagen, Valencia, CA, USA) was used for PCR 
reaction. The miR-196b-5p primers were 
5’-TAGGTAGTTTCCTGTTGTTGGG-3’ (sense), the 
antisense primer was provided by the miScript 
SYBR Green PCR Kit; U6 small nuclear RNA 
(U6) primers were 5’-CTCGCTTCGGCAGCACA-3’ 
(sense), 5’-ACGCTTCACGAATTTGCGT-3’ (anti-
sense). The PCR reaction was performed on 
Applied Biosystems 7900HT Fast Real-Time 
PCR System (Applied Biosystems, Foster City, 
CA, USA). U6 was used as internal controls. The 
relative expression levels of miR-196b-5p in 
breast cancer tissues and cells were quantified 
by the 2-ΔΔCT method [17].

Dual luciferase reporter assay

The potential miR-196b-5p binding site of 
COL1A1 was predicted by three computer-aid-
ed algorithms including miRanda, TargetScan 
and PicTar. The mRNA 3’-UTR sequence of 
COL1A1 was PCR amplified and inserted into 
the psiCHECK-2 luciferase vector (Promega, 
Madison, WI, USA) to produce wild type (WT) 
luciferase reporter plasmid. COL1A1 mRNA 
3’-UTR contained mutant (MUT) sequence in 
the putative binding site of miR-196b-5p was 
also amplified and inserted into the psiCHECK-2 
luciferase vector to produce MUT luciferase 
reporter plasmid. For dual luciferase reporter 
assay, MDA-MB-468 and MDA-MB-231 cells 
were seeded in 24-well plates, co-transfected 
with the WT or MUT luciferase reporter plas- 
mid and miR-196b-5p mimics or mimics cont- 
rol by using Lipofectamine 2000 transfection 
reagent, according to the manufacturer’s proto-
cols. After 24 h transfection, the Firefly and 
Renilla luciferase activities were detected by 
the GloMax-Multi Jr Single Tube Multimode 

Figure 1. miR-196b-5p was down-regulated in breast 
cancer tissues and cell lines. A. Relative expression 
of miR-196b-5p in two breast cancer cell lines (MDA-
MB-468 and MDA-MB-231) and a breast epithelial 
cell line (HBL-100). B. qRT-PCR was applied to detect 
miR-196b-5p levels in 40 pairs of breast cancer tis-
sues and matched normal tissues. *P<0.05. qRT-
PCR, real-time Quantitative PCR. 



miR-196b-5p impedes proliferation and metastasis in breast cancer

3125 Am J Transl Res 2018;10(10):3122-3132

an internal control. Western blot bands 
were obtained using Imaging System, and 
the protein density was quantified with 
Odyssey v1.2 software (LI-COR Bios- 
ciences, NE, USA).

CCK-8 assay

MDA-MB-468 and MDA-MB-231 cells were 
seeded into a 96-well plate (5 × 103 cells/
well) the day prior to transfection, and 
transiently transfected with miR-196b-5p 
mimics or mimics control. Then, cells were 
incubated in 10% CCK-8 solution (Dojindo; 
Kumamoto, Japan) diluted in normal cul-
ture media at 37°C, until visible color con-
version occurred. Proliferation ratio were 
determined 0, 24, 48 and 72 h after trans-
fection. The absorbance at 450 nm was 
measured by amicroplate reader (Bio-Rad, 
Hercules, CA, USA) after incubation for 2 h 
at 37°C. 

Colony formation assay 

After 24 h post-transfection, MDA-MB-468 
and MDA-MB-231 cells were seeded into 

Figure 2. COL1A1 was high expressed in breast cancer tissues and cell 
lines. A. Western blot analysis of COL1A1 expression in MDA-MB-468, MDA-
MB-231 and HBL-100. B. COL1A1 was up-regulated in breast cancer tissues 
(C) compared with matched normal tissues (N). *P<0.05. COL1A1, collagen 
type I alpha 1 chain. 

Reader (Promega, Madison, 
WI, USA). Firefly luciferase 
activity was used as an inter-
nal control to normalize the 
transfection efficiency.

Western blot

Breast cancer tissues and cell 
lines were lysed with RIPA 
lysis buffer (Invitrogen, CA, 
USA), according to the manu-
facturer’s instructions. Equal 
amount of protein samples 
(25 µg) were resolved by 10% 
of sodium dodecyl sulfate 
polyacrylamide gel electro-
phoresis (SDS-PAGE) and 
then transferred to polyvinyli-
dene fluoride membranes 
(PVDF) (Millipore, MA, USA). 
After blocking with 5% non- 
fat milk for 2 h, membranes 
were incubated with the pri-
mary antibodies over-night, 
followed by HRP-linked sec-
ondary antibodies (Santa Cr- 
uz, USA). GAPDH was used as 

Table 2. Association between miR-196b-5p expres-
sion and clinical characteristics in patients with breast 
cancer

Clinicopathologic feature Patients
miR-196b-5p

P-value
High Low

Age (years) 1.0
    ≥50 30 12 18
    <50 10 4 6
ER status 1.0
    Positive 35 14 21
    Negative 5 2 3
HER-2 status 0.15
    Positive 8 5 3
    Negative 32 11 21
LN metastasis 0.0*

    Present 21 4 17
    Not identified 19 12 7
Clinical stage 0.0*

    I, II 17 15 2
    III, IV 23 1 22
Perineural invasion 0.67
    Present 4 2 2
    Not identified 36 14 22
*P<0.05.
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6-well plates (~3 × 103/well) and were cultured 
for 10 days at 37°C in an atmosphere contain-
ing 5% CO2. Subsequently, the cells were fixed 
with methanol (Sigma, USA) and stained with 
0.1% crystal violet (Sigma, USA). Image was 
then captured and the number of colony was 
counted under a light microscope (Eclipse 
TS100; Nikon Corporation, Tokyo, Japan).

Wound scratch assay 

Wound scratch assay was used to evaluate the 
migratory ability of breast cancer cells. MDA-
MB-468 and MDA-MB-231 cells were seeded 
at density of approximately 6 × 104 cells/well in 
a 6-well plate and transfected with miR-196b-
5p mimics or mimics control as above. Wounds 
were made with 10-µl pipette tips after cells 
confluence reached 75% at 6 h post-transfec-
tion. Then, cells were then washed with PBS to 
remove residual free-floating cells and debris. 
Finally, cells were continued to incubate at a 
humidified chamber. Different stages of wound 
healing were observed along the scrape line 

Statistical analysis 

Statistical analyses were performed using 
SPSS 21.0 (International Business Machines, 
Armonk, NY, USA). Values are expressed as the 
mean ± standard deviation of results from 
three independent experiments. The differenc-
es were assessed using a two-tailed Student’s 
t-test, while the MTT data was examined by 
one-way ANOVA. P<0.05 was considered to 
indicate a statistically significant difference 
between values.

Results

Expression levels of miR-196b-5p in human 
breast cancer tissues and cell lines

To investigate miR-196b-5p expression in 
breast cancer, we initially examined its expres-
sion in two breast cancer cell lines (MDA-
MB-468 and MDA-MB-231) and a breast epi-
thelial cell line (HBL-100). We found that 
miR-196b-5p levels was lower in MDA-MB-468 

Figure 3. Over-expression of miR-196b-5p suppressed the proliferation of 
breast cancer cells. Relative expression levels of miR-196b-5p were detected 
in MDA-MB-468 (A) and MDA-MB-231 (C) cells by qRT-PCR after transfection 
with miR-196b-5p mimics or mimics control. (B) The cell proliferation of MDA-
MB-468 (B) and MDA-MB-231 (D) cells was determined by CCK8 assay after 
transfection with miR-196b-5p mimics or mimics control. *P<0.05.

using a standard caliper and 
representative mages were 
photographed.

Transwell migration assay

Before the cells were seeded, 
Corning Costar Transwell 24- 
well plates (Corning, Corning, 
NY, USA) were placed in 
DMEM medium for 1 h at 
37°C. A total of 2 × 104 cells 
were seeded in the wells aft- 
er 24 h post-transfection,  
and were cultured in 500 µl 
DMEM medium without FBS. 
Normal growth medium was 
placed in the bottom wells. 
After incubation for 24 h at 
37°C, the cells that did not 
migration through the pores 
were carefully removed by 
cotton swabs. Then, the mi- 
gratory cells were fixed with 
methanol (Sigma, USA) and 
stained with 0.1% crystal vio-
let (Sigma, USA). Image was 
captured and number of 
migratory cells was counted 
under a light microscope.
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and MDA-MB-231 cells, compared with HBL-
100 (Figure 1A, P<0.05). We further investigat-
ed miR-196b-5p expression in 40 pairs of 
breast cancer tissues and matched normal tis-
sues. Consistently, miR-196b-5p was down-
regulated to a significant extent in tumor sam-
ples, relative to matched normal tissues (Figure 
1B, P<0.05). 

Analysis of COL1A1 expression in human 
breast cancer tissues and cell lines

Then, we examined the relative expression of 
COL1A1 in MDA-MB-468, MDA-MB-231 and 
HBL-100 by Western blot analysis. In the two 
breast cancer cell lines, the levels of COL1A1 
was found higher than in the HBL-100 cells 
(Figure 2A, P<0.05). We further found that the 
expression of COL1A1 were much higher in the 
breast cancer tissues than in matched normal 
tissues (Figure 2B, P<0.05).

cells with miR-196b-5p mimics or mimics con-
trol for 48 h, the miR-196b-5p expression was 
explored by qRT-PCR. As a result, transfection 
of miR-196b-5p mimics led to a significant 
increase in its expression compared to cells 
treated with mimics control (Figure 3A and  
3C, P<0.05). To explore the function of miR-
196b-5p on proliferation of breast cancer ce- 
lls, CCK-8 assay was performed in MDA-
MB-468 and MDA-MB-231 cells. After transfec-
tion with miR-196b-5p mimics, the proliferation 
of MDA-MB-468 and MDA-MB-231 cells was 
relatively inhibited compared with the mimic 
control groups, respectively (Figure 3B and 3D, 
P<0.05).

Restoration of miR-196b-5p suppressed the 
migration of breast cancer cells in vitro

To investigate the effect of miR-196b-5p on 
breast cancer cell metastasis, a wound healing 

Figure 4. Over-expression of miR-196b-5p inhibited the migration of breast 
cancer cells. Cell migration ability was determined at 0 h and 24 h in MDA-
MB-468 and MDA-MB-231 cells by wound healing assay after treatment with 
miR-196b-5p mimics or mimics control. *P<0.05.

miR-196b-5p expression is 
associated with lymph node 
metastasis and the pro-
gression of clinical stage in 
patients with breast cancer 

Based on the miR-196b-5p 
expression measured by qRT-
PCR, the 40 cases of breast 
cancer patients were divided 
into high or low miR-196b-5p 
expression group using the 
median expression level as 
the cut-off point (0.052; ran- 
ge from 0.016 to 0.279). The 
associations between miR-
196b-5p expression levels 
and clinical characteristics 
were evaluated by chi-square 
test. As shown in Table 2,  
the results revealed that the 
expression of miR-196b-5p 
was negatively associated 
with lymph node metastasis 
and the progression of clinic- 
al stage in breast cancer 
patients (P<0.05). 

miR-196b-5p over-expression 
inhibited the proliferation of 
breast cancer cells in vitro 

Next, after transfecting MDA-
MB-468 and MDA-MB-231 
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assay was used. Images of the scratches were 
captured at 0 and 24 h after transfection, the 
results showed that over-expression of miR-
196b-5p repressed cell migration in MDA-
MB-468 and MDA-MB-231 cells compared with 
the mimic control groups, respectively (Figure 
4, P<0.05).

COL1A1 was a direct target of miR-196b-5p

Bioinformatics analysis was used to identify 
potential targets of miR-196b-5p, and from 
these results, COL1A1 was selected as a poten-
tial target for further study. Seven nucleotides 
in miR-196b-5p were shown to have comple-
mentary to the 3’-UTR of COL1A1 mRNA (Figure 
5A). Spearman’s correlation analysis showed a 
significant inverse correlation between COL1A1 
mRNA and miR-196b-5p expression in breast 
cancer (Figure 5B, P<0.05). To further confirm 
our finding that miR-196b-5p could directly tar-
geting COL1A1 expression, dual luciferase 
reporter assays were performed. As shown in 
Figure 5C, co-transfection of MDA-MB-468 and 
MDA-MB-231 cells with WT luciferase reporter 
plasmid and miR-196b-5p mimics caused a sig-
nificant decrease in the luciferase activity com-
pared with that of the mimics control groups 
(P<0.05). By contrast, co-transfection of MUT 
luciferase reporter plasmid and miR-196b-5p 
mimics in MDA-MB-468 and MDA-MB-231 cells 
showed no obvious change in fluorescence 
compared with that of the mimics control 
groups (Figure 5D). These results indicate that 
miR-196b-5p exerts an inhibitory effect on 
COL1A1 expression via binding to the 3’-UTR of 
COL1A1 mRNA, and that COL1A1 is therefore a 
direct target of miR-196b-5p in breast cancer.

Over-expression of COL1A1 partly abrogated 
miR-196b-5p-induced inhibitory effects on 
breast cancer cells

COL1A1 was identified as a direct target of miR-
196b-5p in breast cancer, as demonstrated by 
dual luciferase reporter assays. The role of 
COL1A1 in miR-196b-5p -induced inhibition on 
breast cancer cells remained unknown. As pre-
sented in Figure 6, colony formation assay 
showed that the number of colony of MDA-
MB-468 and MDA-MB-231 cells was signifi-
cantly increased following co-transfection with 
the COL1A1 overexpressed vector and miR-
196b-5p mimics as compared with cells treat-
ed with control vector and miR-196b-5p mimics 

Figure 5. COL1A1 is a direct target gene of miR-196b-
5p. A. Bioinformatics analysis of the interaction of 
miR-196b-5p and its binding site within the 3’-UTR of 
COL1A1 mRNA. B. miR-196b-5p levels was inversely 
correlated with COL1A1 mRNA expression in breast 
cancer. C. Relative luciferase activity in MDA-MB-468 
and MDA-MB-231 cells after co-transfected WT lucif-
erase reporter plasmid and miR-196b-5p mimics or 
mimics control. D. Relative luciferase activity in MDA-
MB-468 and MDA-MB-231 cells after co-transfected 
MUT luciferase reporter plasmid and miR-196b-5p 
mimics or mimics control. *P<0.05. C, breast cancer 
tissues; N, matched normal tissues; WT, wild type; 
MUT, mutant. 
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(P<0.05). Additionally, transwell migration as- 
say revealed that over-expression of COL1A1 
and up-regulation of miR-196b-5p could pro-
mote the migration of MDA-MB-468 and MDA-
MB-231 cells as compared with cells treat- 
ed with control vector and miR-196b-5p mimi- 
cs (Figure 7, P<0.05). These data strongly indi-
cate that over-expression of COL1A1 in breast 
cancer cells partially reverses the inhibitory 
effects of miR-196b-5p on cell proliferation and 
migration.

Discussion

Emerging evidence has shown that miRNAs are 
dysregulated in various human cancers and are 

defined as tumor suppressors or oncogenes 
[18]. Moreover, several studies have demon-
strated a crucial role for miRNAs in the diagno-
sis and therapy of breast cancer [19]. MiR-
196b-5p has been reported to be associated 
with metastases and poor outcomes in two 
independent colorectal cancer patient cohorts, 
and miR-196b-5p inhibition led to significantly 
increased colorectal cancer cell migration/
invasion and metastases formation [13]. 
However, there are no literature reports investi-
gating the function, and potential mechanisms 
of miR-196b-5p in breast cancer.

In this study, qRT-PCR showed that the levels of 
miR-196b-5p was downregulated in breast can-

Figure 6. Restoration of COL1A1 partly abrogated miR-196b-5p-induced inhibitory effect on proliferation of breast 
cancer cells. A. Western blot analysis of COL1A1 expression in MDA-MB-468 and MDA-MB-231 cells after treatment 
with COL1A1 overexpressed vector and control vector. B. Cell proliferation was measured by colony formation assay 
in MDA-MB-468 and MDA-MB-231 cells transfected with COL1A1 overexpressed vector and miR-196b-5p mimics or 
control vector and miR-196b-5p mimics. *P<0.05.
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cer tissues in comparison with matched normal 
tissues. In addition, we also observed the 
expression of miR-196b-5p was markedly lower 
in the MDA-MB-468 and MDA-MB-231 cells 
than that in the HBL-100 cells. Interesting, the 
expression of miR-196b-5p was negatively 
associated with lymph node metastasis and 
the progression of clinical stage in breast can-
cer patients. The differential expression of miR-
196b-5p was indicative of the fact that miR-
196b-5p might be involved in the development 
of breast cancer. This paper highlighted the 
utilization of the gain of function techniques to 
explore the function of miR-196b-5p on cell 
growth and metastasis in MDA-MB-468 and 
MDA-MB-231 cells. In our experiments, over-
expression of miR-196b-5p inhibited cell prolif-
eration and migration in MDA-MB-468 and 
MDA-MB-231 cells in vitro, leading to the con-
clusion that miR-196b-5p exerts tumor sup-
pressor activity and impedes breast cancer 
growth and metastasis.

To explore the potential mechanism by which 
miR-196b-5p suppresses growth and metasta-
sis of breast cancer, we identified COL1A1 as a 
directly target gene of miR-196b-5p. First, 
COL1A1 was remarkably up-regulated in breast 
cancer samples and cell lines compared to the 
matched normal tissues and breast epithelial 
cell line. Second, COL1A1 mRNA expression 

was significant inverse correlated with miR-
196b-5p levels in breast cancer. Third, a com-
plimentary binding region for miR-196b-5p was 
found in the 3’-UTR of COL1A1 mRNA. Fourth, 
over-expression of miR-196b-5p led to signifi-
cant suppression of the activity of WT lucifer-
ase reporter plasmid, while mutation of the 
“seed region” abolished this effect. 

Collagen type I alpha 1 (COL1A1) has been 
proved to be closely related to tumors, it could 
regulate tumors as an oncogene [20-22]. For 
example, Mori et al. [23] have found that 
COL1A1 contributed to the differentiation and 
metastasis abilities of human bladder cancer. 
He et al. [24] revealed that COL1A1 upregula-
tion promoted proliferation, invasion, and mito-
sis of oral squamous cell carcinoma. Liu et al. 
[25] have confirmed that COL1A1 could induce 
breast cancer metastasis, and serve as a new 
prognostic biomarker and a potential therapeu-
tic target for breast cancer. COL1A1 has been 
reported to be a target gene of miR-129-5p in 
gastric cancer [26], and miR-133a-3p in oral 
squamous cell carcinoma [24]. Here, we found 
that COL1A1 was a target gene of miR-196b-
5p, and over-expression of COL1A1 in breast 
cancer cells partially reverses the inhibitory 
effects of miR-196b-5p on cell proliferation and 
migration. These data strong demonstrate that 
miR-196b-5p inhibits cell growth and metasta-

Figure 7. Overexpression of miR-196b-5p partly abrogated miR-196b-5p-mediated inhibition of MDA-MB-468 and 
MDA-MB-231 cells migration. Images of migration in the MDA-MB-468 and MDA-MB-231 cells transfected with 
COL1A1 overexpressed vector and miR-196b-5p mimics or control vector and miR-196b-5p mimics. *P<0.05.
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sis in breast cancer via regulation of COL1A1 
expression. 

Conclusion

Taken together, the present study identified 
that miR-196b-5p expression was significantly 
down-regulated in breast cancer. Notably, over-
expression of miR-196b-5p represses tumor 
cell growth and metastasis via regulation of 
COL1A1. Therefore, miR-196b-5p/COL1A1 axis 
may serve as a novel therapeutic target in 
breast cancer.
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