





miR-423 enhances HCC invasion

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-gPCR 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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mut), was then cloned into luciferase reporter plasmids. SNU-398 cells were co-transfected with 1 pg as-miRNA/null
plasmids and 1 uyg BRMS1 3’-UTR or BRMS1 3’-UTR mut plasmids or co-transfected with 1 ug miRNA/null plasmids
and 1 pg 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.

chburg, WI, USA) was performed according to
the instructions from manufacturer.

Quantitative RT-PCR (RT-gPCR)

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 (Exigon, Denmark) and cDNA was
synthesized by Universal cDNA Synthesis Kit
(Exigon). 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 (Exigon). 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 (AACt) 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.
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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
mMiRNAs (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-qgPCR
(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
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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-
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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-

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

BRMS1 levels

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, y=-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
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mens. *P<0.05. N=36.

affected cell growth (Figure

4C). Hence, overexpression of
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, BE). 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.
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Figure 3. Modification of miR-423 levels in HCC cells. A. MiR-423 levels by RT-gPCR 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-gPCR. *P<0.05. N=5.

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.
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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-
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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.

view of the effects of miR-423 in the HCC cell Compared with overexpression of BRMSI1,
invasion. Furthermore, future studies may also using as-miR-423 to increase BRMS1 levels
address the regulation of miR-423 in HCC and has an advantage, since overexpression of
confirm this model in vivo. BRMS1 in HCC cells may result in a further
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Figure 5. Depletion of miR-423 in HCC cells inhibits cell invasion via BRMS1 augmentation. (A, B) The BRMS1 levels
in miR-423-depleted (and BRMS1-depleted) SNU-398 cells by RT-qPCR (A) and by ELISA (B). (C) MTT assay. (D, E)
SNU-398 cell invasion by miR-423 depletion (and BRMS1 depletion) in a transwell cell invasion assay, shown by
quantification (D), and by representative images (E). *P<0.05. NS: non-significant. N=5.

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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