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Abstract: Tumor metastasis suppressor factor BRMS1 can regulate the metastasis of breast cancer and other 
tumors. Here we report scinderin (SCIN) as a novel transcriptional target of BRMS1. SCIN protein belongs to the cy-
toskeletal gelsolin protein superfamily and its involvement in tumorigenesis remains largely illusive. An inverse cor-
relation between the expression levels of BRMS1 and SCIN was observed in hepatocellular carcinoma (HCC) cells 
and tissues. On the molecular level, BRMS1 binds to SCIN promoter and exerts a suppressive role in regulating SCIN 
transcription. FACS analysis and caspase 9 immunoblot reveal that knockdown of SCIN expression can sensitize 
HCC cells to chemotherapeutic drugs, leading to suppression of tumor growth in vivo. Consistently, overexpression 
of SCIN protects cells from apoptotic death, contributing to increased xenografted HCC cell growth. In summary, our 
study reveals SCIN as a functional apoptosis regulator as well as a novel target of BRMS1 during HCC tumorigen-
esis. Inhibition of SCIN might bring a potential cancer therapy approach.
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Introduction

Human breast cancer metastasis suppressor 1 
(BRMS1) was first discovered and cloned in 
2000 by Seraj et al. [1]. Later on, it has been 
demonstrated that BRMS1 plays a suppres- 
sive role in regulating tumor metastasis in 
breast cancer, melanoma, non-small cell lung 
cancer, hepatocellular carcinoma, among oth-
ers [2-5]. In consistent with these findings, the 
expression level of BRMS1 has been found to 
be significantly down-regulated in multiple met-
astatic tumor tissues [6-9]. It has been shown 
that BRMS1 mainly acts as a component  
of Sin3a•HDAC complex, which regulates  
chromatin status and further affects gene  
transcription efficiency [10, 11]. We have previ-
ously reported two well-defined tumor-metasta-
sis related genes, osteopontin (OPN) and 
death-associated protein kinase 1 (DAPK1), 
which were under transcriptional control of 
BRMS1 in hepatocellular carcinoma (HCC)  
cell lines [9, 12].

Herein, we further identified Scinderin (SCIN, 
also known as adseverin) as a novel transcrip-
tional target of BRMS1. SCIN is located in 
7p21.3 and encodes a Ca2+-dependent actin 
filament severing and capping protein. SCIN 
protein was discovered in chromaffin cells in 
1990 but its biological functions remain largely 
illusive [13]. As a member of the gelsolin super-
family, SCIN has the core structure of gelsolin-
like domains and is involved in vesicle trans-
port, exocytosis via regulating the polymerization 
and disassembly of F-actin network [14-16]. In 
addition, SCIN also exhibits activities in regulat-
ing other cellular processes such as cell differ-
entiation, osteoclastogenesis, among others 
[17-19]. The involvement of SCIN in tumor devel-
opment was first investigated in the megakaryo-
blastic leukemia cells [20]. Miura et al. later 
found that SCIN expression is significantly 
increased in the cisplatin-resistant urothelial 
cancer patients by comparison with cisplatin-
sensitive control group [21]. Knockdown of 
SCIN led to an increase of mitochondria-medi-
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ated cell apoptosis in vitro. Recently, the 
expression of SCIN has been shown to be up-
regulated in human prostate cancer, lung carci-
noma and gastric cancer, suggesting an onco-
genic role of SCIN in regulating tumor growth 
[22-24]. However, the molecular mechanism 
accounting for abnormal SCIN expression in 
tumor remains unknown. 

In our study, several lines of evidence demon-
strated that SCIN expression is transcriptional-
ly suppressed by BRMS1 in HCC cells. The 
association relationship between BRMS1 and 
SCIN expression in HCC tissues and cells was 
studied through western blot analysis and the 
transcriptional mechanism was illuminated th- 
rough dual luciferase assay and ChIP experi-
ment. To further investigate the function of 
SCIN, lentivirus carrying shRNA against SCIN  
or recombinant plasmid overexpressing SCIN 
were utilized. It is found that knockdown of 
endogenous SCIN sensitized HCC cells to apop-
tosis, whereas expression of SCIN protected 
cells from apoptotic cell death. Moreover, SCIN 
promoted HCC cell growth in xenografted tumor 
mice. Taken together, our findings character-
ized SCIN as another functional downstream 
effector of BRMS1, providing another molecu-
lar pathway accounting for BRMS1’s tumor sup-
pressive role in HCC cells.

Materials and methods

Tumor specimens

Fresh surgical specimens of HCC, including 
tumor tissues and the neighboring pathologi-
cally nontumorous liver tissues, were obtain- 
ed from liver cancer patients at Zhongshan 
Hospital, Shanghai, China. Written informed 
consent was obtained from all these patients. 
Tissue samples were immediately frozen in  
liquid nitrogen after surgery and later stored  
at -80°C.

Quantitative real-time PCR (qRT-PCR)

RNA extracted from tissues or cultured cells 
using TRIzol reagent (Life Technologies, USA) 
was used for reverse transcription using Pri- 
meScirptTM RT reagent and gDNA Eraser kit 
(Takara, Japan). Quantitative PCR analysis was 
performed with the CFX Connection detec- 
tion system (Bio-Rad, USA) using SYBR Green 
Supermix kit (Takara). Cycle parameters were 

95°C for 5 min hot start and 40 cycles of 95°C 
for 5 sec, 58°C for 10 sec and 72°C for 20 sec. 
Samples with no cDNA templates were used as 
negative control to rule out contamination in 
each run. Melting curves were analyzed to con-
firm the specificity of the PCR product. Primers 
for BRMS1: forward, 5’-ACTGAGTCAGCTGCG- 
GTTGCGG-3’; reverse, 5’-AAGACCTGGAGCTGC- 
CTC TGGCGTGC-3’. Primers for SCIN: forward, 
5’-TCTGCGTTCCTGACTGTTC-3’; reverse, 5’-GA- 
CCTCCTTTCTTTGATGTTCC-3’. 18S rRNA was 
used as the internal control. Primers for 18S 
rRNA: forward, 5’-GTAACCCGTTGAACCCCATT-3’; 
reverse, 5’-CCATCCAATCGGTAGTAGCG-3’. 

Cell culture and transfection

HCC cell lines SK-Hep1, Huh7, QGY-7701, Hep- 
3B, SMMC-7721 and human embryonic kidney 
cell line 293T (HEK293T) were cultured with 
Dulbecco’s modified Eagle’s medium (DMEM), 
supplemented with 10% fetal bovine serum 
(Gibco, USA) in 5% CO2 humidified atmosphere 
at 37°C. Cells of 70% confluency were trans-
fected with indicated plasmids or siRNA us- 
ing Lipofectin 2000 (Invitrogen, USA) accord- 
ing to the manufacturer’s instructions. Small 
interfering RNA against BRMS1 as previously 
described was used [9] and the target sequ- 
ence of si-SCIN was: 5’-CGAGATGAGCTGACA- 
ACAT-3’. In experiments evaluating cells’ sensi-
tivity to apoptosis stimulation, etoposide (Sig- 
ma, USA) and cisplatin (Abcam, USA) were 
directly added to complete medium with indi-
cated dosages. 

Western blot analysis 

Protein samples were separated by different 
concentrations of SDS-PAGE and then trans-
ferred to PVDF membranes. Membranes were 
incubated in 5% fat-free milk to avoid non-spe-
cific binding. After blocking, membranes were 
incubated with specific primary antibodies 
against different proteins at 4°C overnight. 
Membranes were then washed in TBST for four 
times and incubated with HRP-conjugated sec-
ondary antibody for 1 h at room temperature. 
Later on, membranes were washed in TBST for 
four times before being visualized by enhanced 
chemiluminescence (Pierce, USA) on a molecu-
lar imager ChemiDoc XRS+ system (Bio-Rad). 
Antibodies used include anti-BRMS1 (Abcam), 
anti-SCIN (Abcam), anti-caspase 9 (cell signal-
ing technology, USA), anti-β-actin (Sigma), anti-
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Myc (Sigma), anti-Flag (Sigma), peroxidase- 
conjugated goat anti-mouse IgG and goat anti-
rabbit IgG (Jackson, USA). 

Chromatin immunoprecipitation (ChIP)

The ChIP assay was performed according to  
our previous work [12]. Briefly, HEK293T cells 
were seeded at 1×107/dish in 100 mm dishes 
and then transfected with Myc-tagged BRMS1 
plasmid or empty vector. At 36 h after transfec-
tion, cells were treated with 4% formaldehyde 
(Amresco, USA) to make them crosslinked and 
fixed. Cell nuclei were first released by lysis  
buffer in pH 8.1 and then sonicated. Genomic 
DNA fragment was immuno-precipitated by 
anti-Myc antibody at 4°C overnight after treat-
ing with protein A-agarose beads. Samples con-
taining mouse IgG were used as negative con-
trol to exclude genomic contamination. Treat- 
ed genomic DNA fragments were collected, 
washed, de-crosslinked and then digested with 
Proteinase K. PCR was applied to examine the 
quantity of these DNA fragments recovered by 
phenol/chloroform extraction using the follow-
ing primers: forward, 5’-TCGTCTCCTCTGTCAA- 
CT-3’; reverse, 5’-TTATTCGCCGCCACTTTA-3’.

Dual-luciferase assay

Cells were seeded into 24-well plates at a den-
sity of 1×105 per well and transfected with indi-
cated SCIN promoter segments or pGL3-Basic 
empty vector. Internal control pRL-TK vector (20 
ng/well) was used for normalization. Primers 
for SCIN promoter were: forward, CGGCTAG- 
CTTGCCCAATGAAATGACAGA; reverse, CCAAG- 
CTTAGTTTGCGGTCCCCTTTACT. SCIN-P1 prim-
ers were: forward, CGGCTAGCTTGCCCAATGA- 
AATGACAGA; reverse, CCAAGCTTTCCTTTGTG- 
CATACCCATCA. pGL3-SCIN promoter 2 prim- 
ers were: forward, CGGCTAGCCCTGCTGCTCT- 
CGGTTTAGT; reverse, CCAAGCTTAGTTTGCGG- 
TCCCCTTTACT; pGL3-SCIN promoter 3 primers 
were: forward, CGGCTAGCACAAAGGAGTGCCA- 
AGCAGT; reverse, CCAAGCTTGAGCAGCAGGAG- 
GAACCTTA. 

Flow cytometry analysis 

For cell cycle phase analysis, cells were har-
vested and resuspended in 0°C 70% ethanol to 
fix overnight. DNA was stained with propidium 
iodide (50 µg/mL) and treated with RNase (100 
µg/mL) and then analyzed by FACSCalibur (BD 

Biosciences, CA, USA). The apoptotic cell popu-
lation corresponds to cells in sub-G1 phase. 
Each result was representative of three inde-
pendent experiments with triplicate samples 
for each condition. 

Cell proliferation assay

Cells were plated in 96-well plates at a density 
of 1500 cells/well. In the serum deprivation 
assay, medium was replaced by DMEM after  
24 hours’ culture with complete medium. Cell 
proliferation was detected using CCK8 assay. 
Generally, culture medium was replaced by 0.5 
mg/mL CCK8 (Dojindo, Japan) diluted in DM- 
EM. Cells were then kept in 37°C for 4 hours 
and absorbance at a wavelength of 490 nm 
was read by a microtiter reader (Bio-RAD, USA). 
The final growth curve was constructed using 
the absorbance data.

Tumor formation in nude mice

Three-week-old BALB/c female nude mice were 
obtained from Shanghai Laboratory Animal Co. 
Ltd. (SLAC, China) and maintained on standard 
laboratory chow. Cells were harvested and 
resuspended in DMEM to a final concentra- 
tion of 2×107 cells/ml. Cells were then sub- 
cutaneously injected into each mouse. Tumors  
were visible around five days after injection.  
Mice were sacrificed till the average size of  
the tumors was around 800 mm3. Photos  
were taken, and weight of tumors was mea- 
sured (n = 5). 

Histological studies

Xenografted tumor tissues were embedded  
in paraffin and cut into sections (4 μm thick-
ness) for immunohistochemistry studies. The 
avidin-biotin complex method was used in 
Ki-67 immunostaining. Briefly, endogenous 
peroxidase was blocked with H2O2. After BSA 
blocking, sections were incubated with anti-
Ki-67 antibody (Abcam, USA) at 4°C over- 
night, followed by biotinylated secondary  
antibody. The sections were further treated 
with diaminobenzidine and counterstained  
with hematoxylin. TUNEL (terminal deoxynu- 
cleotide transferase mediated dUTP nick end  
labeling) assay was performed using the  
in situ Cell Apoptosis Detection kit (Boster, 
China) according to the manufacturer’s 
instructions.
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Figure 1. The expression level of SCIN was suppressed by BRMS1. (A) Relative BRMS1 and SCIN mRNA levels in 
SK-Hep1 cell clones stably expressing exogenous BRMS1 (F6 and F13) and control cell clones (E3 and E6) were 
analyzed through qRT-PCR. Values were normalized to internal control 18S rRNA and expressed as mean ± SD, n 
= 3. (B) The protein levels of exogenous BRMS1 (exo-BRMS1) and endogenous SCIN in SK-Hep1 cell clones were 
investigated through western blot. β-actin was used as a loading control. (C) Myc-tagged BRMS1 (Myc-BRMS1) and 
endogenous SCIN protein levels in QGY-7701 cells transiently expressing different dosages of Myc-BRMS1 were 
investigated through western blot. Relative longer exposure of endogenous SCIN is shown. Endogenous BRMS1 
and SCIN expression levels in Huh-7 cells infected with lentivirus expressing siRNA targeting BRMS1 (siBRMS1) or 
non-silencing control siRNA (NS) were analyzed through qRT-PCR (D) and western blot (E). 

Figure 2. The protein level of SCIN was inversely correlated with BRMS1 level in HCC cells and tissues. A. Western 
blot analysis of BRMS1 and SCIN levels in HEK293T, five HCC cell lines (Huh-7, HepG2, Hep3B, SK-Hep1, QGY-
7701), two lung carcinoma cell lines (A549, H1299), one prostate cancer cell line (PC3) and one cervical carcinoma 
cell line (HeLa). B. Western blot analysis of BRMS1 and SCIN levels in 11 paired HCC specimens. T, tumor tissues; 
N, corresponding non-tumorous tissues. 
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Statistical analysis

Categorical data were analyzed by Fisher’s 
exact test. Comparisons of quantitative data 
were analyzed by Student’s t-test. We consid-
ered two groups with a p value less than 0.05 
to be different (*), and with a p value less than 
0.01 to be significantly different (**).

Results

SCIN and BRMS1 levels were inversely cor-
related in HCC cells and tissues 

Previously, we have applied microarray anal- 
ysis of whole genome expression to screen for 
novel transcriptional targets of BRMS1 [12]. 
One rarely-studied gene, SCIN, was found to be 
suppressed in two stable SK-Hep1 cell clon- 
es overexpressing exogenous BRMS1 by com- 
parison with control cell clones (Figure 1A). 
Western blot analysis result in consistent with 
this was shown in Figure 1B. To ensure that 

that SCIN protein was up-regulated while 
BRMS1 was mainly suppressed in HCC tissues 
(T) compared with the corresponding non-
tumorous tissues (N). Of note, the expression 
pattern of SCIN was inversely correlated with BR- 
MS1 in 7 paired HCC tissues such as H1, H2, 
H5, among others. This finding provides anoth-
er piece of evidence that BRMS1 probably 
exerted a transcriptional suppression effect on 
SCIN expression during tumorigenesis. 

BRMS1 was able to transcriptionally suppress 
SCIN expression

To investigate the regulatory mechanism be- 
tween BRMS1 and SCIN, the promoter region 
(-508 to +512 bp) of human SCIN gene was 
cloned from human genomic DNA and a series 
of deletion mutants, including SCIN-P1 (-508 to 
-157 bp), SCIN-P2 (-164 to +151 bp), SCIN-P3 
(+142 to +512 bp), were constructed subse-
quently. The above four DNA fragments were 
then inserted into pGL3-Basic vector to detect 

Figure 3. BRMS1 could transcriptionally suppress the activity of the pro-
moter of SCIN. A. The full length SCIN promoter (SCIN-P) and three deletion 
mutants (SCIN-P1, P2 and P3) were constructed into luciferase reporter plas-
mid. Schematic representations of SCIN promoter constructs are presented 
in the left panel. Relative reporter activities in HEK293T cells were investi-
gated through dual luciferase assay (right panel). Values are presented as 
mean ± SD, n = 3. B. Relative reporter activities of SCIN-P2 were examined 
after co-transfection with different dosages of Myc-tagged BRMS1. Values 
are presented as mean ± SD, n = 3. C. Gel electrophoresis photos of the 
ChIP assay to detect the binding ability between BRMS1 protein and SCIN 
promoter in HEK293T and SK-Hep1 cells. Soluble chromatin was prepared 
from cells transfected with Myc-tagged BRMS1 and immunoprecipitated by 
an anti-Myc antibody or IgG control. Specific primers were utilized in the PCR 
analysis. Blank controls (BC) with no DNA template were utilized to rule out 
contamination and soluble chromatin before immunoprecipitation was uti-
lized as input control. 

SCIN expression was specifi-
cally impaired by BRMS1, dif-
ferent dosages of recombi-
nant BRMS1 plasmid were 
transiently introduced into 
QGY-7701 cells. As shown in 
Figure 1C, endogenous SCIN 
expression was gradually de- 
creased upon Myc-BRMS1 
overexpression in a dosage-
dependent manner. Further- 
more, Huh-7 cells with relative 
higher endogenous BRMS1 
levels were subjected to RNA 
interference. As shown in 
Figure 1D and 1E, both mRNA 
and protein levels of endo- 
genous SCIN were increas- 
ed after endogenous BRMS1 
was successfully knocked 
down in Huh-7. 

In order to further evalua- 
te the relationship between 
BRMS1 and SCIN, different 
cancer cell lines and HCC tis-
sues were investigated using 
western blot. As shown in 
Figure 2A, the BRMS1 and 
SCIN levels in most cancer 
cell lines were inversely corre-
lated. In addition, we found 
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their transcriptional activity using lucifera- 
se assay. As shown in Figure 3A, SCIN-P2 
exhibited the highest report gene’s activity 
among all the promoter constructs. Next, when 
cells were co-transfected with different do- 
sages of BRMS1 plasmid, the luciferase acti- 
vity of SCIN-P2 gradually decreased upon BR- 
MS1 expression in a dosage-dependent man-
ner (Figure 3B). To further examine wheth- 
er BRMS1 could bind to this SCIN promoter 
region, chromatin immunoprecipitation was 
carried out with cells overexpressing myc-
tagged BRMS1. As shown in Figure 3C, the  
+38 to +134 bp region of SCIN-P2 was specifi-
cally immunoprecipitated by anti-Myc antibody, 
but not IgG control, in both HEK293T and 
SK-Hep1 cells. Taken together, these data sug-
gested a transcriptional suppression relation-
ship between BRMS1 and SCIN. 

SCIN was involved in regulating HCC cells’ 
sensitivity to apoptotic stimulus

To elucidate the biological functions of SCIN 
during HCC development, we utilized lentivirus-

mediated RNA interference in QGY-7701 cells. 
As shown in Figure 4A, the specific SCIN-
targeting siRNA successfully knocked down 
endogenous SCIN expression (KD) by compari-
son with non-silencing siRNA control (NS). Next, 
we investigated several cellular behaviors in 
QGY-7701 cells under different conditions. No 
significant difference was found in the cell cy- 
cle distribution or cell growth under normal cul-
ture conditions (Figure 4B, 4C). However, when 
cells were deprived of serum, cell growth 
capacities were significantly impaired in SCIN 
knockdown cells compared with control cells 
(Figure 4D), indicating that SCIN knockdown 
might sensitize HCC cells to apoptotic stimulus. 
To confirm this hypothesis, the chemothera-
peutic drug cisplatin was utilized in the apopto-
sis assay as reported previously [21]. Not sur-
prisingly, flow cytometry analysis revealed a 
higher level of apoptosis in SCIN knockdown 
cells compared with control cells upon cisplatin 
treatment (Figure 4E). Moreover, cleavage of 
caspase 9 was specifically activated in SCIN 
knockdown cells, but not in the control cells, 

Figure 4. Effects of SCIN knockdown on QGY-7701 cells. (A) Endogenous SCIN level in QGY-7701 cells infected with 
lentivirus expressing shRNA targeting SCIN (KD) or non-silencing shRNA (NS) was investigated by western blot. 
β-actin was used as a loading control. (B) Representative flow cytometric images of lentivirus-infected QGY-7701 
cells from cell cycle analysis. Cell growth curves of lentivirus-infected QGY-7701 cells under normal culture condition 
(C) and serum deprivation (D). Values are indicated as mean ± SD, n = 5. Lentivirus-infected QGY-7701 cells treated 
with indicated dosages of cisplatin (cis) were subjected to cell apoptotic analysis through sub-G1 analysis (E) and 
caspase 9 immunoblot (F). Values are indicated as mean ± SD, n = 3.
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after cisplatin treatment in a dosage-depen-
dent manner (Figure 4F). 

To further confirm the function of SCIN in regu-
lating cell apoptosis, we established SMMC-
7721 stable clone overexpressing flag-tagged 
SCIN (OE) and the control clone (Ctl) in parallel 
(Figure 5A). In consistent with the above find-
ings, while no difference was observed in cell 
cycle distribution or cell growth under normal 
conditions between two clones (Figure 5B, 5C), 
cells overexpressing SCIN are less sensitive to 
serum deprivation compared with control cells 
(Figure 5D). Furthermore, SCIN overexpression 
protected SMMC-7721 clone from cisplatin-
induced cell apoptosis and caspase 9 cleavage 
(Figure 5E, 5F). Collectively, these data strong-
ly implied that SCIN level could modify HCC 
cells’ sensitivity to apoptotic stimulus.

SCIN was able to regulate HCC cell growth in 
vivo

To explore the role of SCIN on HCC cell growth 
in vivo, tumorigenicity assay in BALB/c nude 

mice was performed. We first subcutaneously 
injected equal amounts of QGY-7701 KD cells 
and NS cells into nude mice separately. Tumors 
were visible in NS group from eight days after 
injection and they increase in size stably. 
However, no visible tumor was observed in all 
mice injected with KD cells throughout the 
whole experiment (22 days in total) (Figure 6A). 
Next, we investigated the effect of SCIN overex-
pression on xenografted tumor growth. As 
shown in Figure 6B, SMMC-7721 OE cells dis-
play dramatically increased tumor growth in 
nude mice compared with Ctl cells. The aver-
age tumor weight of the OE cells was 3.47-fold 
heavier than that of Ctl cells.

Furthermore, xenografted tumor tissues were 
embedded in paraffin and subjected to immu-
nohistochemistry studies. As shown in Figure 
6C, there is no obvious difference in the frac-
tion of Ki-67-positive cells, suggesting SCIN 
has less effect on regulating cell proliferation in 
vivo. By contrast, the TUNEL assay revealed a 
lower apoptotic cell population in OE group 
than in Ctl group (Figure 6D), indicating SCIN 

Figure 5. Effects of SCIN overexpression on SMMC-7721 cells. (A) Exogenous SCIN level in SMMC-7721 cells in-
fected with lentivirus overexpressing flag-tagged SCIN (OE) or empty vector (Ctl) was investigated by western blot. 
β-actin was used as a loading control. (B) Representative flow cytometric images of lentivirus-infected SMMC-7721 
cells determined from cell cycle analysis. Cell growth curves of lentivirus-infected SMMC-7721 cells under normal 
culture conditions (C) and serum deprivation (D). Values are indicated as mean ± SD, n = 5. Lentivirus-infected 
SMMC-7721 cells treated with indicated dosages of cisplatin (cis) were subjected to cell apoptotic analysis through 
sub-G1 analysis (E) and caspase 9 immunoblot (F). Values are indicated as mean ± SD, n = 3. 
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overexpression protected cells from apoptosis 
in vivo.

Discussion

Our study identified SCIN as a novel transcrip-
tional target of BRMS1 in HCC cells and SCIN 
was able to promote tumor cell growth throu- 
gh modulating the apoptotic levels in cells. Ac- 

[11, 30]. Together with our data, we raised the 
hypothesis that Sin3•HDAC might act in con-
cert with GCF on SCIN expression. However, 
this still remains to be experimentally investi-
gated in our future work. 

Although the association of SCIN with cancer 
has been revealed for a long time, multiple 
reports addressing the role of SCIN in tumor 

Figure 6. Evaluation of the function of SCIN on HCC cell growth in vivo. Pho-
tographs (left panels) and tumor weight measurements (right panels) of tu-
mors dissected from nude mice engrafted with lentivirus-infected QGY-7701 
cells (A) and SMMC-7721 cells (B). Scale bars, 1 cm. Values are indicated as 
mean ± SD, n = 5. (C) Immunohistochemistry staining against Ki-67 was per-
formed in tumor tissues derived from lentivirus-infected SMMC-7721. Rep-
resentative images of tumor sections are given in the left panel and typical 
Ki-67-positive cells are indicated with arrowheads. Scale bar, 20 μm. Ki-67 
positive cell populations were statistically analyzed in the right panel. Values 
are indicated as mean ± SD, n = 8. (D) TUNEL assays were performed on 
tumor sections. Representative images of tumor sections are given in the left 
panel, and typical apoptotic cells are indicated with arrowheads. Scale bar, 
20 μm. Apoptotic cell populations are statistically analyzed in the right panel. 
Values are indicated as mean ± SD, n = 8.

cumulating evidence demo- 
nstrated that BRMS1 has  
an essential role in regulating 
gene transcription mainly th- 
rough interacting with Sin- 
3•HDAC chromatin remodel-
ing complexes or NF-κB tran-
scription factor [10, 25, 26]. 
Although BRMS1 suppress- 
es several metastasis-related 
genes’ expression through de- 
acetylation of RelA/p65 sub-
unit of NF-κB, such as OPN, 
uPA and CXCR4 [3, 26, 27], 
we ruled out the possibility 
that NF-κB was involved in the 
transcriptional regulation of 
SCIN mainly because there is 
no NF-κB binding site within 
the promoter of SCIN. On the 
other hand, Sin3•HDAC is a 
complex associated with a 
number of DNA-binding pro-
teins and mediates transcrip-
tional regulation of a variety of 
protein-coding genes and mi- 
RNAs implicated in diverse 
biological functions [28]. After 
the ChIP assay, which reve- 
aled a binding relationship 
between BRMS1 protein and 
the +38 to +134 bp region  
of SCIN promoter, we per-
formed in silico prediction 
and found a putative GC bind-
ing factor (GCF) binding site 
(GCGCCGCCT) within the bind-
ing region. GCF is able to bind 
to GC-rich sequence and sup-
press the expression of sev-
eral tumor-related genes [29, 
30]. It is interesting to note 
that the expression of the 
growth factor receptor (EGFR) 
gene is under the control  
of both GCF and Sin3•HDAC 
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development were controversial among differ-
ent investigators. Expression of SCIN in mega-
karyoblastic leukemia cells induced cell apop-
tosis, inhibited cell proliferation and tumor- 
iogenesis [20]. By contrast, silencing of SCIN in 
gastric cancer cells suppressed cell invasion 
and tumor metastasis [24]. In addition, differ-
ent changes of cell cycle distribution and differ-
ent cyclins affected by SCIN were reported in 3 
different studies [22, 23, 31]. Although hetero-
genity of tumor cell lines might partially explain 
these disparities, more comprehensive studi- 
es are required to uncover the relationship 
between SCIN and cancer. In our present work, 
an anti-apoptotic role of SCIN has been 
revealed in HCC cells by different approaches 
both in vitro and in vivo, while no obvious 
changes were shown in cell cycle distribution or 
cell proliferation. Our finding was in consistent 
with the report in human bladder cancer cell, 
where SCIN was identified as the cisplatin-
resistant marker via interacting with VDAC and 
further inhibiting cell apoptosis [21]. In addi-
tion, SCIN has 63% homology with gelsolin, and 
gelsolin superfamily has been demonstrated  
to play an important role in cell apoptosis by 
modulating dynamic actin assembly [32, 33]. 
Overexpression of gelsolin in Jurkat cells str- 
ongly inhibited caspase-3 activation and cell 
apoptosis level triggered by different reagents 
[34]. Consistently, gelsolin or villin knockout 
mice exhibited higher apoptotic cell popula- 
tion, shorter survival and enhanced caspase 
activation in liver after exposure to stimulato- 
ry Fas antibody [35-37]. Taken together, the 
results presented here highlight that SCIN 
might also be another important gelsolin su- 
perfamily member mediating the crosstalk 
between apoptosis pathway and cytoskeleton 
reorganization.

Furthermore, abnormal apoptosis has been 
demonstrated to affect HCC growth and me- 
tastasis [38, 39]. As we previously reported, 
BRMS1 also exhibits a strong activity in regu- 
lating HCC cell apoptosis, which further con- 
tributes to its suppressive role in tumorige- 
nesis and tumor metastasis [5, 9]. A few pro-
teins, including OPN, Bim and Bcl-2, have been 
demonstrated to partially account for the pro-
apoptotic effect of BRMS1 in breast cancer 
cells [40, 41]. Given that overexpression of 
SCIN has a similar effect as knockdown of 
BRMS1 in regulating HCC cells’ sensitivity to 

apoptotic stimulus, we raised the hypothesis 
that SCIN might be another downstream mole-
cule employed by BRMS1 in modulating can- 
cer cell apoptosis pathway. Investigations of 
how these different transcriptional targets of 
BRMS1 collaborate to regulate cell apoptosis 
are therefore of great importance and interest 
in the future.
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