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Abstract: Tumor metastasis portrayed the most serious challenges of cancer as it is the major cause of mortality 
in patients with solid tumors, including hepatocellular carcinoma (HCC). In this regard, anti-metastatic genes have 
a great potential for metastasis inhibition. Recent evidence pointed to a role of Breast cancer metastasis sup-
pressor 1 (BRMS1) in suppression of metastasis of several types of cancers, whereas the regulation of BRMS1 in 
HCC remains unknown. Here, we used bioinformatics analyses to predict BRMS1-targeting microRNAs (miRNAs), 
and evaluated the functional binding of miRNAs to BRMS1 mRNA using a dual luciferase reporter assay. Among 
all BRMS1-targeting miRNAs, we only detected significant expression of miR-626, miR-1289 and miR-423 in HCC 
specimens. Specifically, we found that only miR-423 significantly inhibited protein translation of BRMS1 via specific 
binding to 3’-UTR of the BRMS1 mRNA. Moreover, we detected significantly lower levels of BRMS1 and significantly 
higher levels of miR-423 in the HCC specimens, relative to paired adjacent non-tumor liver tissue. Furthermore, 
BRMS1 and miR-423 levels were correlated inversely. Overexpression of miR-423 significantly decreased BRMS1 
levels and promoted HCC cell invasion, while depletion of miR-423 significantly increased BRMS1 levels and inhib-
ited HCC cell invasion. This study sheds light on miR-423 as a crucial factor that enhances HCC cell invasiveness, 
and suggests miR-423 as a promising therapeutic target for HCC treatment.
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Introduction

Hepatocellular carcinoma (HCC) is a primary 
malignant liver tumor in humans, and HCC is 
notorious partially from its invasiveness and 
distal metastases [1]. Despite years of continu-
ous progresses on cancer therapy, metastasis 
remains the major driver of cancer mortality 
and is responsible for approximately 90% of 
cancer-associated deaths. Metastasis is a 
complex, multi-step process by which primary 
tumor cells invade adjacent tissues [2]. Each of 
the steps for cancer metastasis requires a 
complex molecular regulation. 

Breast cancer metastasis suppressor 1 
(BRMS1) was originally identified in breast car-
cinoma cell line [3]. Afterward, BRMS1 was 
shown to suppress metastasis of multiple 
tumor types [4-7], through regulation of the 
expression of some metastasis-associated 
genes including osteopontin, urokinase plas-
minogen activator, fascin, epidermal growth 

factor receptor and CXCR4 [8-11]. Hence, BR- 
MS1 affects multiple phenotypes implicated in 
cancer metastasis, e.g. gap junctional intercel-
lular communication, migration, invasion, anoi-
kis, and growth factor signaling [8-11]. Ne- 
vertheless, the regulation of BRMS1 during 
tumorigenesis remains largely unknown.

MicroRNAs (miRNAs) are known as master re- 
gulators of gene expression, are small non cod-
ing RNAs capable of post-transcriptional sup-
pression of gene expression by sequence-sp- 
ecific interactions with the miRNA response  
elements (MREs) on the 3’ un-translated re- 
gions (3’-UTRs) of related mRNA targets [12, 
13]. Abnormal expression of miRNAs in differ-
ent steps of malignancies has been discovered 
in a variety of cancers by genome-wide survey 
techniques, various microarray platforms and 
bead-based flow cytometry. 

Here, we studied the regulation of BRMS1 by 
miRNAs in HCC specimens and HCC cells. We 
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used bioinformatics analyses to predict BR- 
MS1-targeting miRNAs, and evaluated function-
al binding of miRNAs to BRMS1 mRNA using a 
dual luciferase reporter assay. Moreover, we 
examined and compared BRMS1 and miR-423 
levels in the HCC specimens. Furthermore, we 
used a set of gain-of-function and loss-of-func-
tion experiments to study the effects of miR-
423-modification on BRMS1 and on HCC cell 
invasion.

Materials and methods

Experimental protocol approval and patient 
specimens

All experimental protocols were approved by 
the Research Bureau of Linyi People’s Hospital. 
Surgical resected specimens were obtained 
from 36 HCC patients and paired adjacent non-
tumor liver tissues (NT) (Table 1). All patients 
obtained Informed consent and provided 
signed agreement about this study. The histol-
ogy of the resected tissue were examined and 
determined independently by 2 senior 
pathologists. 

Culturing and transfection of cells

SNU-398 and HepG2 are two widely used hu- 
man HCC cell lines purchased from American 
Type Culture Collection (ATCC, Rockville, MD, 
USA), and were cultured in Dulbecco’s Modified 
Eagle’s Medium (DMEM, Invitrogen, Carlsbad, 
CA, USA) supplemented with 10% fetal bovine 
serum (FBS; Sigma-Aldrich, St Louis, MO, USA) 
in a humidified chamber with 5% CO2 at 37°C. 
We chose these two lines since HepG2 cells 
express relatively low miR-423 and relatively 
high BRMS1, while SNU-398 cells express rela-
tively high miR-423 and relatively low BRMS1. 
All constructs used for cell transfection were 

purchased from Origene (Beijing, China). 
Transfection was performed with 50 nmol/l 
plasmids, using Lipofectamine 2000 (Invitro- 
gen). The transfection efficiency (>95%) was 
determined based on expression of GFP in the 
transfected cells.

Transwell cell invasion assay 

Transwell cell invasion assay was analyzed 
using Matrigel-coated Transwell cell culture 
chambers (8 μm pore size). Briefly, transfected 
cells (20000 cells/well) were serum starved for 
24 h and plated in the upper insert of a 24-well 
chamber in a serum-free medium. A medium 
containing 10% serum was added to the lower 
wells. The cells were incubated for 24 h. Cells 
on the upper side of the filters were mechani-
cally removed by scrubbing with a cotton swab, 
after which the membrane was fixed with 4% 
formaldehyde for 30 min and stained with 0.5% 
crystal violet for 10 min. Ultimately, invasive 
cells were counted at ×200 magnification from 
10 different fields of each filter.

Cell growth assay

An MTT Kit (MTT, Roche, USA) was used for 
analyzing cell growth.

MiRNA target prediction and 3’-UTR luciferase-
reporter assay 

MiRNAs targets were predicted using the algo-
rithms from TargetScan, using context + scoring 
system [14]. The data were analyzed as previ-
ously described [15]. The BRMS1 3’-UTR report-
er plasmid (pRL-BRMS1) and the BRMS1 3’-UTR 
reporter plasmid with a mutant at the corre-
sponding miRNA binding site (pRL-BRMS1-mut) 
were purchased from Origene (Beijing, China). 
Dual-luciferase reporter assay (Promega, Fit- 

Table 1. Clinical-pathological characteristics (total)
Patients (n; %) p

HCC tissue/Normal tumor-adjacent tissue (NT) 36 (100%)/36 (100%)
Age (<60/≥60 years old) 12 (33%)/24 (67%) 0.52
Gender (male/female) 24 (67%)/12 (33%)
Tumor site (liver) 36 (100%)
Tumor grade (well or moderate/poor) 0 (0%)/15 (42%)/21 (58%) 0.009
Tumor stage (I/II/III/IV) 0 (0%)/0 (0%)/18 (50%)/18 (50%) 0.007
Lymph node metastasis (no/yes) 0 (0%)/36 (100%) 0.006
Distal metastasis at diagnosis (no/yes) 32 (89%)/4 (11%) 0.008
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Figure 1. MiR-423 targets 3’-UTR of BRMS1 mRNA to inhibit its translation in HCC cells. (A-C) SNU-398 cells was 
transfected with either miR-626, miR-1289 and miR-423 or antisense for them (as-miR-626, as-miR-1289 and 
as-miR-423). The SNU-398 cells were also transfected with a null sequence as a control (null). RT-qPCR showed 
changes in the miR-626 levels in miR-626-modified cells (A), changes in the miR-1289 levels in miR-1289-modified 
cells (B), and changes in the miR-423 levels in miR-423-modified cells (C). (D-F) The intact 3’-UTR of BRMS1 mRNA 
(BRMS1 3’-UTR), together with a 3’-UTR with mutant at either miRNA binding site of BRMS1 mRNA (BRMS1 3’-UTR 
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chburg, WI, USA) was performed according to 
the instructions from manufacturer.

Quantitative RT-PCR (RT-qPCR)

Quantitative RT-PCR (RT-qPCR) was performed 
as routine. Briefly, total RNA, with efficient re- 
covery of small RNAs, was using miRCURY RNA 
isolation kit (Exiqon, Denmark) and cDNA was 
synthesized by Universal cDNA Synthesis Kit 
(Exiqon). Detection of the mature form of miR-
NAs was performed using the miRCURY LNA 
Universal RT microRNA PCR Kit and LNA 
microRNA Primer Sets, according to the manu-
facturer’s instructions (Exiqon). Relative exp- 
ression levels were determined using the com-
parative quantification characteristic of the 
Rotorgene software. The U6 small nuclear RNA 
was used as an internal control and the com-
parative Ct (ΔΔCt) method was used to deter-
mine the expression fold change. A melting 
curve analysis was done for each of the primer 
sets utilized, and each showed a single peak 
indicating the specificity of each of the primers 
tested.

ELISA

Protein levels for human BRMS1 were deter-
mined using a human BRMS1 ELISA kit (LSBio, 
Seattle, USA). 

Statistical analysis

All statistical analyses were performed using 
the GraphPad Prism 6 (GraphPad Software, 
San Diego, CA, USA). Statistical analysis of 
group differences was carried out using a one-
way analysis of variance (ANOVA) test followed 
by followed by Turkey multiple comparison post-
hoc analysis. The relationship between miR-
423 levels and clinicopathological characteris-
tics was evaluated using multivariate Cox 
regression analysis. Bivariate correlations were 
calculated by Spearman’s Rank Correlation 
Coefficients. All values represent the mean ± 
standard deviation (SD). A value of P<0.05 was 
considered statistically significant.

Results

MiR-423 targets 3’-UTR of BRMS1 mRNA to 
inhibit its translation in HCC cells

First, we examined whether BRMS1 may be 
regulated by miRNAs in HCC cells. Thus, we per-
formed bioinformatics analyses to identify the 
candidate miRNAs that bind to the 3’-UTR of 
BRMS1 mRNA. Among all BRMS1-targeting 
miRNAs (Supplementary Table 1), we found 3 
miRNAs (miR-626, miR-1289 and miR-423) 
that were expressed in HCC cell line SNU-398. 
To determine whether the binding of these 3 
miRNAs to BRMS1 mRNA may functionally 
inhibit protein translation of BRMS1, we trans-
fected SNU-398 cells with either miR-626, miR-
1289 and miR-423 or antisense for them (as-
miR-626, as-miR-1289 and as-miR-423). The 
SNU-398 cells were also transfected with a null 
sequence as a control (null). Changes in the 
miRNA levels in cells was confirmed by RT-qPCR 
(Figure 1A-C). Then, the intact 3’-UTR of BRMS1 
mRNA (BRMS1 3’-UTR), together with a 3’-UTR 
with mutant at either miRNA binding site of 
BRMS1 mRNA (BRMS1 3’-UTR mut), was then 
cloned into luciferase reporter plasmids. SNU-
398 cells were co-transfected with as-miRNA/
null plasmids and BRMS1 3’-UTR or BRMS1 
3’-UTR mut plasmids or co-transfected with 
miRNA/null plasmids and BRMS1 3’-UTR or 
BRMS1 3’-UTR mut plasmids. The results sug-
gest that among all 3 miRNAs, only miR-423 
may specifically target 3’-UTR of BRMS1 mRNA 
to inhibit its translation in HCC cells (Figure 
1D-G), as shown by bioinformatics analyses for 
the binding site of miR-423 on the 3’-UTR of 
BRMS1 mRNA (Figure 1G).

Association of miR-423 and BRMS1 levels in 
HCC specimens

The levels of BRMS1 and miR-423 in 36 pairs 
of resected HCC tissues and adjacent non-
tumor liver tissues (NT) were measured by 
ELISA and RT-qPCR, respectively (Table 1). We 
found that HCC specimens contained signifi-
cantly lower levels of BRMS1 (Figure 2A), and 
significantly higher levels of miR-423 (Figure 

mut), was then cloned into luciferase reporter plasmids. SNU-398 cells were co-transfected with 1 μg as-miRNA/null 
plasmids and 1 μg BRMS1 3’-UTR or BRMS1 3’-UTR mut plasmids or co-transfected with 1 μg miRNA/null plasmids 
and 1 μg BRMS1 3’-UTR or BRMS1 3’-UTR mut plasmids. (D) Assay for miR-626. (E) Assay for miR-1289 (F) Assay 
for miR-423. (G) Bioinformatics analyses for binding site of miR-423 on 3’-UTR of BRMS1 mRNA. *P<0.05. NS: non-
significant. N=5.
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2B). We then performed a correlation test using 
these 36 HCC specimens, and detected a 
strong inverse correlation between BRMS1 and 
miR-423 (Figure 1C, γ=-0.69, P<0.0001), in- 
dicating a possible regulatory relationship 
between miR-423 and BRMS1 in HCC. 

Modification of miR-423 levels in HCC cells

Next, we examined the effects of miR-423 on 
BRMS1 and cell invasion in HCC cells. We 
chose SNU-398 and HepG2 cell lines for this 
study, since HepG2 cells express relatively low 
miR-423 and relatively high BRMS1, while SNU-
398 cells express relatively high miR-423 and 
relatively low BRMS1 (Figure 3A, 3B). We then 
transfected HepG2 cells with miR-423 and 
SNU-398 cells with antisense for miR-423 (as-
miR-423), and confirmed the alteration of miR-
423 levels in these cells by RT-qPCR (Figure 
3C, 3D).

Overexpression of miR-423 in HCC cells pro-
motes cell invasion via BRMS1 suppression

We found that overexpression of miR-423 did 
not alter BRMS1 mRNA (Figure 4A), but de- 
creased BRMS1 protein in HepG2 cells (Figure 
4B). The effects of miR-423 modification on 
cell growth and invasiveness were then investi-
gated. We found that miR-423 overexpression 
in HepG2 cells did not alter cell growth in an 

miR-423 in HCC cells promotes cell invasion via 
BRMS1 suppression.

Depletion of miR-423 in HCC cells inhibits cell 
invasion via BRMS1 augmentation

Next, we found that depletion of miR-423 did 
not alter BRMS1 mRNA (Figure 5A), but in- 
creased BRMS1 protein in SNU-398 cells 
(Figure 5B). The effects of miR-423 modifica-
tion on cell growth and invasiveness were then 
investigated. We found that miR-423 depletion 
in SNU-398 cells did not alter cell growth in an 
MTT assay (Figure 5C), but significantly decre- 
ased cell invasion in a transwell cell invasion 
assay (Figure 5D, 5E). In order to ascertain 
whether miR-423 suppression inhibits HCC cell 
invasion through increasing BRMS1, SNU-398-
as-miR-423 cells were further transfected with 
shBRMS1, which abolished the induction of 
expression of BRMS1 mRNA (Figure 5A) and 
protein (Figure 5B) in these cells. We found that 
depletion of BRMS1 abrogated the effects of 
as-miR-423 on cell invasion in SNU-398 cells 
(Figure 5D, 5E), without affected cell growth 
(Figure 5C). Hence, depletion of miR-423 in 
HCC cells inhibits cell invasion via BRMS1 aug-
mentation. A schematic was thus made to sum-
marize the current study, showing that miR-423 
may inhibit protein translation of BRMS1 via 
pairing to the 3’-UTR of the BRMS1 mRNA in 
HCC cells to promote cell invasion. 

Figure 2. Association of miR-423 
and BRMS1 levels in HCC speci-
mens. A. The levels of BRMS1 in 36 
pairs of HCC tissues and adjacent 
non-tumor liver tissues (NT) were 
measured by ELISA. B. The levels 
of miR-423 in 36 pairs of HCC tis-
sues and NT were measured by 
RT-qPCR. C. A correlation test was 
performed between BRMS1 and 
miR-423, using the 36 HCC speci-
mens. *P<0.05. N=36.

MTT assay (Figure 4C), but 
significantly increased cell in- 
vasion in a transwell cell inva-
sion assay (Figure 4D, 4E). In 
order to ascertain whether 
miR-423 promotes HCC cell 
invasion through suppressing 
BRMS1, we prepared plas-
mids for BRMS1 overexpres-
sion (BRMS1) and depletion 
(shBRMS1). HepG2-miR-423 
cells were further transfected 
with BRMS1, which rescued 
expression of BRMS1 mRNA 
(Figure 4A) and protein (Figure 
4B) in these cells. We found 
that overexpression of BRMS1 
abrogated the effects of miR-
423 on cell invasion in HepG2 
cells (Figure 4D, 4E), without 
affected cell growth (Figure 
4C). Hence, overexpression of 
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Discussion

The inhibitory role of BRMS1 in cancer invasion 
has been well documented in the past studies. 
For example, Roesley et al. have shown that 
BRMS1 is a substrate of Cyclin-Dependent 
Kinase 2 (CDK2), by which it is phosphorylated 
on serine 237 in breast cancer cells [11]. 
Although the mutation of BRMS1 on serine 237 
did not affect cell cycle progression and prolif-
eration of cancer cells, it indeed changed the 
cell migration [11]. However, the regulation of 
BRMS1 by miRNAs was not reported in breast 
cancer, but in nasopharyngeal carcinoma cells 
[16]. In this study, Yan et al. showed that miR-
346, a BRMS1-targeting miRNA, was upregu-
lated in nasopharyngeal carcinoma tissues 
compared with adjacent non-tumorous naso-
pharyngeal tissues. Inhibition of miR-346 sig-
nificantly attenuated the migration and inva-
sion of nasopharyngeal carcinoma cells [16]. 
Nevertheless, a role of BRMS1 in HCC invasion 
and metastasis, as well as its regulation by 
miRNAs, has not been documented so far.

Here, we used bioinformatics analyses to 
screen all miRNAs that target BRMS1 in HCC 
cells, and we focused on the expression levels 
of those that were detectable in HCC cells. 
From the 3 candidates, we only found miR-423 
to be the miRNA that has a functional binding to 
3’-UTR of BRMS1 mRNA. To the best of our 
knowledge, this is the first study showing that 
BRMS1 protein levels could be regulated by a 
specific miRNA in HCC. High level of miR-423 in 
HCC specimens was associated with low 
BRMS1 levels. We thus designed in vitro experi-
ments to show a regulatory relationship bet- 
ween miR-423 and BRMS1 in HCC cells, which 
was consistence with the clinic findings show-
ing an inverse correlation of these two factors 
in HCC specimens. 

In addition to regulation of BRMS1 by miRNAs, 
BRMS1 protein levels may be modulated at the 
level of degradation, such as through protein 
ubiquitination. Moreover, miR-423 may have 
targets other than BRMS1, and these targets 
should be analyzed in future to have an over-

Figure 3. Modification of miR-423 levels in HCC cells. A. MiR-423 levels by RT-qPCR in SNU-398 and HepG2 cells, 
compared to HCC specimens. B. BRMS1 protein levels by ELISA in SNU-398 and HepG2 cells, compared to HCC 
specimens. C. Transfection of HepG2 cells with miR-423 or null control plasmids. MiR-423 levels were determined 
by RT-qPCR. D. Transfection of SNU-398 cells with as-miR-423 or null control plasmids. MiR-423 levels were deter-
mined by RT-qPCR. *P<0.05. N=5.
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view of the effects of miR-423 in the HCC cell 
invasion. Furthermore, future studies may also 
address the regulation of miR-423 in HCC and 
confirm this model in vivo. 

Compared with overexpression of BRMS1, 
using as-miR-423 to increase BRMS1 levels 
has an advantage, since overexpression of 
BRMS1 in HCC cells may result in a further 

Figure 4. Overexpression of miR-423 in HCC cells promotes cell invasion via BRMS1 suppression. (A, B) The BRMS1 
levels in miR-423-overexpressing (and BRMS1-overexpressing) HepG2 cells by RT-qPCR (A) and by ELISA (B). (C) 
MTT assay. (D, E) HepG2 cell invasion by miR-423 overexpression (and BRMS1 overexpression) in a transwell cell 
invasion assay, shown by quantification (D), and by representative images (E). *P<0.05. NS: non-significant. N=5.
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increase in the levels of miR-423 as a feed-
back, to level down the efficacy of the treat-
ment. To summarize, the current study sheds 
light on miR-423 as a crucial factor that en- 
hances HCC cell invasiveness, and provides 
evidence for using miR-423 as a promising 
therapeutic target for HCC treatment.
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