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The SASH1 (SAM- and SH3-domain containing 1) gene, a member of the SLY (SH3 domain containing 
expressed in lymphocytes) family of signal adapter proteins, has been implicated in tumorigenesis of many 
types of cancers. However, the role and mechanism of SASH1 in the invasion and metastasis of hepatocarci-
noma are largely unknown. In this study, we investigated the role and mechanism of SASH1 in the invasion 
and metastasis of hepatocarcinoma. Our results showed that SASH1 was lowly expressed in hepatocarci-
noma cell lines. The in vitro experiments showed that overexpression of SASH1 inhibited the proliferation 
and migration/invasion of hepatocarcinoma cells, as well as the epithelial–mesenchymal transition (EMT) 
progress. Furthermore, overexpression of SASH1 suppressed the expression of Shh as well as Smo, Ptc, 
and Gli-1 in hepatocarcinoma cells. Taken together, these results suggest that overexpression of SASH1 
inhibited the proliferation and invasion of hepatocarcinoma cells through the inactivation of Shh signaling 
pathway. Therefore, these findings reveal that SASH1 may be a potential therapeutic target for the treatment 
of hepatocarcinoma.
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INTRODUCTION

Hepatocarcinoma, one of the most common malig-
nancies and leading causes of cancer-related deaths in 
the world, is a significant health problem due to its high 
incidence and mortality (1). There are about 600,000 
new-onset patients with this disease every year, and 
its incidence has a rising trend (2). Although various 
treatments for hepatocarcinoma, such as chemother-
apy, radiation, and hormone therapy, have been used 
and improved recently, the clinical outcome of patients 
remains unsatisfactory (3–5). This is largely because of 
a lack of understanding of the molecular mechanisms 
behind hepatocarcinoma. So further studies on mecha-
nisms of hepatocarcinoma and the identification of new 
and effective gene therapy targets are of great signifi-
cance to the development of new treatment strategies 
and the improvement in patient survival.

The SASH1 gene, a member of the SLY family of 
signal adapter proteins, encodes a protein containing 
sterile a module (SAM) and Src homology domain 3 
(SH3) domains that are predominantly seen in signaling 

molecules, adapters, and scaffold proteins (6). Previous 
studies revealed that SASH1 is critical during tumorigen-
esis of several cancer types (6–8). SASH1 overexpres-
sion in lung cancer cells inhibits the migration/invasion 
and the protein expression of cyclin D1, matrix met-
alloproteinase-1 (MMP-1), and MMP-2 (9). Recently, 
one study reported that the expression levels of SASH1 
were strongly reduced in liver cancer tissues compared 
with adjacent normal tissues, and increase of DNA 
methylation degree in the promoter region of SASH1 
gene, particularly CpG_26.27 sites, may inhibit SASH1 
expression in liver cancer (10). However, the role and 
mechanism of SASH1 in the invasion and metastasis of 
hepatocarcinoma are largely unknown. In this study, we 
investigated the role and mechanism of SASH1 in the 
invasion and metastasis of hepatocarcinoma.

MATERIALS AND METHODS

Cell Culture

Hepatocarcinoma cell lines (HepG2, 97H, Hep3B, and 
HCCLM3) were obtained from American Type Culture 
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Collection (ATCC, Manassas, VA, USA). Cells were 
cultured in Dulbecco’s modified Eagle medium (Gibco, 
Grand Island, NY, USA) supplemented with 10% fetal 
bovine serum (FBS), 100 U/ml penicillin, and 100 mg/
ml streptomycin in 5% CO

2
 at 37°C.

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)

Total RNA was extracted from hepatocarcinoma 
cells using the RNeasy Fibrous Tissue mini kit (Qiagen, 
Valencia, CA, USA) and reverse transcribed into cDNA 
using a PrimeScript™ 1st Strand cDNA Synthesis kit 
(Takara, Dalian, China). RT-PCR was performed in a 
final volume of 10 μl, which contained 5 μl of SsoFast™ 
EvaGreen Supermix (Bio-Rad Laboratories), 1 μl of 
cDNA (1:50 dilution), and 2 μl each of the forward and 
reverse primers (1 mM). The primer sequences used for 
PCR amplification were SASH1 forward 5¢-TCCCGTCA 
CAGGAAGAAACG-3¢ and reverse 5¢-GATACCCATC 
ACGTCGGTCC-3¢; b-actin was used as an internal stan-
dard and the primers were forward 5¢-GTCCACCGCAA 
ATGCTTCTA-3¢ and reverse 5¢-TGCTGTCACCTTCAC 
CGTTC-3¢. Cycling conditions for amplification were: 
95°C for 1 min; 35 cycles at 95°C for 45 s, 60°C for 30 s, 
and 72°C for 30 s; finally, 72°C for 5 min. Quantitative 
measurements were determined using the comparative 
DCt method.

Western Blot Analysis

Proteins were extracted from hepatocarcinoma cells 
using cell lysis buffer, and the protein concentration in 
the lysates was determined using a BCA protein assay 
kit (Beyotime, Nantong, China). A total of 20 μg of pro-
tein was separated by 12% SDS-PAGE electrophoresis 
and transferred to nitrocellulose membranes (Amersham, 
Little Chalfont, UK). After blocking with Tween-Tris-
buffered saline (T-TBS) containing 5% nonfat milk pow-
der, the membranes were incubated with primary antibodies 
(SASH1, E-cadherin, vimentin, N-cadherin, Shh, Smo, 
Ptc, Gli-1, and GAPDH; from Santa Cruz Biotechnology, 
Santa Cruz, CA, USA) at 4°C overnight. Subsequently, 
they were incubated with horseradish peroxidase (HRP)-
conjugated secondary antibodies for 1 h at room tem-
perature. The target protein was visualized by enhanced 
chemiluminescence (Pierce, Rockford, IL, USA).

Construction of the pcDNA3.1-SASH1 Vector 
and Cell Transfection

The full-length coding sequence of human SASH1 
gene was amplified by RT-PCR and ligated into the 
pGEM-T vector (Clontech, Cambridge, UK) at the EcoRI 
and KpnI restriction sites. After sequence confirma-
tion, positive clones were subcloned into the pcDNA3.1 

expression vector to construct the recombinant expres-
sion vector pcDNA3.1-SASH1.

For in vitro transfection, the cells were seeded in six-
well plates at a density of 1.0 × 105 cells/well and cultured 
overnight. When the cells grew to 70–80% confluence, 
pcDNA3.1-SASH1 and empty vector were transfected 
using Lipofectamine 2000™ (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s instructions. Stable 
transfectants were clonally selected in complete medium 
containing 1 μg/ml G418 (Sigma-Aldrich, St. Louis, 
MO, USA).

Cell Proliferation Assay

Cells transfected with pcDNA3.1-SASH1 or pcDNA3.1 
were seeded into 96-well plate in a density of 1 × 104 
cells/well in 200 μl medium. At each time point, the cul-
ture medium was replaced with fresh medium contain-
ing MTT (5 mg/ml in PBS, 200 μl/well) and incubated 
with the cells for an additional 4 h. Following incubation, 
medium was discarded and DMSO (150 μl/well; Sigma-
Aldrich) was added to each well for 10 min. The results 
were analyzed by an automated plate reader at 490 nm.

Migration and Invasion Assays

Cell migration was measured by Transwell assay. 
In brief, cells transfected with pcDNA3.1-SASH1 or 
pcDNA3.1 were added to the upper compartment with an 
8-μm microporous filter. Then 500 μl of DMEM contain-
ing 10% FBS was added to the bottom chamber. After 
incubation at 37°C for 24 h, the cells on the upper sur-
face of the filters were removed with a cotton swab, and 
cells that had migrated to the lower surface were washed, 
fixed, stained with crystal violet, and counted using a 
light microscope.

Cell invasion was measured by Matrigel-precoated 
Transwell inserts (8.0 mm pore size with polyethylene 
tetraphthalate membrane) according to the manufactur-
er’s protocol. Briefly, cells transfected with pcDNA3.1-
SASH1 or pcDNA3.1 were seeded in the upper chamber, 
and DMEM medium with 10% FBS was added into the 
lower chamber. After 24 h of incubation, cells that passed 
through the lower side of the membrane were stained 
with hematoxylin and eosin, and quantified by counting 
six high-powered fields in the center of each well. The 
number of cells that invaded the lower side of the mem-
brane was determined by counting cells in a minimum of 
four randomly selected areas.

Statistical Analysis

Data are expressed as mean ± standard deviation (SD). 
Statistical analysis was performed using one-way analysis 
of variance or paired t-tests. A value of p < 0.05 was con-
sidered to indicate a statistically significant difference.
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RESULTS

SASH1 Is Lowly Expressed in Human 
Hepatocarcinoma Cell Lines

To explore the role of SASH1 in hepatocarcinoma 
tumorigenesis, we first performed qRT-PCR analyses of 
human hepatocarcinoma cell lines (HepG2, 97H, Hep3B, 
and HCCLM3) and hepatocytes. The results demonstrated 
that the expression of SASH1 mRNA was obviously lower 
in hepatocarcinoma cell lines compared with hepatocytes 
(Fig.  1A). Similarly, Western blot analysis demonstrated 

that the expression of SASH1 protein was also decreased in 
human hepatocarcinoma cell lines (Fig. 1B).

SASH1 Inhibits Proliferation of 
Hepatocarcinoma Cells

To further investigate the effect of SASH1 on hepato
carcinoma tumorigenesis, we constructed the recombinant 
expression vector pcDNA3.1-SASH1. The efficiency of 
SASH1 transfection was detected by Western blot. The 
results showed that SASH1 protein was significantly 
increased in HepG2 and HCCLM3 cells after transfec-
tion with pcDNA3.1-SASH1, respectively (Fig. 2A, B). 
We then investigated the effect of SASH1 on hepatocar-
cinoma cell proliferation. As shown in Figure 2C and D, 
SASH1 obviously inhibited the proliferation of HepG2 
and HCCLM3 cells, respectively, in a time-independent 
manner.

SASH1 Inhibits Migration and Invasion of 
Hepatocarcinoma Cells

We next determined the potential impact of SASH1 on 
hepatocarcinoma cell migration and invasion. As shown 
in Figure 3A, the number of migrated HepG2 cells was 
reduced to 191 ± 15 after transfection with pcDNA3.1-
SASH1 when compared with the pcDNA3.1 group 
(321 ± 23). Furthermore, overexpression of SASH1 sig-
nificantly inhibited the invasion of HepG2 cells (Fig. 3B). 
Similar results were obtained in HCCLM3 cells trans-
fected with pcDNA3.1-SASH1 (Fig. 3C, D).

SASH1 Prevents Epithelial–Mesenchymal Transition 
(EMT) Process in Hepatocarcinoma Cells

We investigated the effect of SASH1 on the EMT pro-
gression of hepatocarcinoma cells. As shown in Figure 4A 
and B, Western blot analysis showed that the protein 
expression levels of E-cadherin were higher in HepG2 
and HCCLM3 cells after transfection with pcDNA3.1-
SASH1, respectively. However, the protein expression 
levels of vimentin and N-cadherin were significantly 
decreased by SASH1 overexpression in HepG2 and 
HCCLM3 cells, respectively.

SASH1 Inhibits the Metastatic Process of 
Hepatocarcinoma Cells Through Suppressing 
the Sonic Hedgehog Signaling Pathway

To further investigate the underlying mechanism of 
SASH1-inhibited proliferation and invasion of hepatocar-
cinoma cells, we investigated the effect of SASH1 on the 
activity of the Shh pathway. The results demonstrated that 
SASH1 overexpression significantly decreased the protein 
expression of Shh as well as Smo, Ptc, and Gli-1 in HepG2 
cells, compared with the pcDNA3.1 group (Fig. 5).

Figure 1.  SASH1 is lowly expressed in human hepatocarcinoma 
cell lines. The mRNA (A) and protein (B) levels of SASH1 were 
determined by qRT-PCR and Western blot in human hepatocar-
cinoma cell lines, respectively. The values shown represent the 
mean ± SD. *p < 0.05 versus control group.
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DISCUSSION

In the present study, we provided evidence that 
SASH1 expression was downregulated in hepatocarci-
noma cell lines, and SASH1 overexpression inhibits cell 
proliferation and invasion, as well as EMT progress in 
hepatocarcinoma cells. We further demonstrated that 
SASH1 overexpression significantly decreased the pro-
tein expression of Shh as well as Smo, Ptc, and Gli-1 in 
hepatocarcinoma cells.

Several studies have reported that SASH1 is down-
regulated in tumors and that this expression is correlated 

with tumor grade and prognosis. Sun et al. confirmed that 
SASH1 is downregulated in thyroid cancer cell lines (11). 
A study by Zeller et al. showed that SASH1 expression is 
decreased in human breast cancer cell lines (6). Consistent 
with the above-mentioned results, in the present study we 
found that SASH1 mRNA and protein expression were 
both decreased in human hepatocarcinoma cell lines, 
which suggested that SASH1 may be a candidate tumor 
suppressor gene in hepatocarcinoma.

EMT is a process by which the mesenchymal phe-
notype is acquired by epithelial cells, which plays an 

Figure 2.  SASH1 inhibits proliferation of hepatocarcinoma cells. HepG2 (A) and HCCLM3 (B) cells were transiently transfected 
with pcDNA3.1-SASH1 or pcDNA3.1 for 48 h. Western blot was performed to detect the transfection efficiency. (C, D) Cell prolif-
eration was examined by the MTT assay at the indicated time. The values shown represent the mean ± SD, n = 3 per group. *p < 0.05 
versus pcDNA3.1 group.
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important role in the metastasis of many types of carci-
nomas, including hepatocarcinoma (12–14). In general, 
increased motility and invasion are positively associated 
with EMT, which is characterized by repression of epi-
thelial markers and induction of mesenchymal mark-
ers (15). In the present study, we observed that SASH1 
overexpression inhibits hepatocarcinoma cell migration 
and invasion. SASH1 also increased the level of the epi-
thelial marker (E-cadherin) and suppressed the levels of 
the mesenchymal markers (N-cadherin and vimentin) in 

hepatocarcinoma cells. These results suggest that SASH1 
could inhibit the migration and invasion by preventing 
EMT through downregulating EMT-inducing genes in 
hepatocarcinoma cells.

Multiple lines of evidence support that the sonic 
hedgehog (SHh) pathway plays an important role in the 
development and invasion of hepatocarcinoma. Blockade 
of the Hh signaling pathway may be a potential target of 
new therapeutic strategy for hepatocarcinoma (16–19). 
Hh protein binds to its receptor human Ptch1, and 

Figure 3.  SASH1 inhibits migration and invasion of hepatocarcinoma cells. HepG2 and HCCLM3 cells were transiently transfected 
with pcDNA3.1-SASH1 or pcDNA3.1 for 48 h. The migratory potential of HepG2 (A) and HCCLM3 (C) cells was detected by 
Transwell assay. The invasive ability of HepG2 (B) and HCCLM3 (D) cells was detected by Transwell assay with Matrigel. The values 
shown represent the mean ± SD, n = 3 per group. *p < 0.05 versus pcDNA3.1 group.
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relieves Ptch1 inhibition on smoothened (SMO). Smo 
translocates into the primary cilium, and leads to the 
activation of transcription factor Gli-1, which induces 
the expression of numerous target genes, such as Ptch1, 
Hip, Gli2, and Wnt, regulating proliferation and inva-
sion (18,20,21). The transcription of components of the 
Hh signaling pathway and related molecules has been 
reported to be increased in the development and progres-
sion of hepatocarcinoma (17). Research has indicated 
that overexpression of the Smo proto-oncogene medi-
ates the expression of c-myc, which plays an important 

role in hepatocarcinogenesis (22). Furthermore, it was 
reported that knockdown of Gli-1 obviously inhibits 
HCC cell migration and invasion likely through inhibit-
ing expressions and activations of matrix metalloprotei-
nase (MMP)-2 and MMP-9 and blocking EMT (23). In 
the present study, we observed that that SASH1 overex-
pression greatly decreased the protein expression of Shh 
as well as Smo, Ptc, and Gli-1 in HepG2 cells. These 
data suggest that SASH1 inhibits hepatocarcinoma cell 
proliferation and invasion through the inactivation of 
Shh signaling pathway.

Figure 4.  SASH1 prevents epithelial–mesenchymal transition (EMT) process in hepatocarcinoma cells. HepG2 and HCCLM3 cells 
were transiently transfected with pcDNA3.1-SASH1 or pcDNA3.1 for 48 h. (A, B) Western blot analysis for N-cadherin, E-cadherin, 
and vimentin in pcDNA3.1-SASH1-transfected HepG2 and HCCLM3 cells, respectively. The values shown represent the mean ± SD. 
*p < 0.05 versus pcDNA3.1 group.
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In conclusion, this study demonstrates that SASH1 
is lowly expressed in human hepatocarcinoma cell lines 
and provides the first evidence that SASH1 inhibits hepa-
tocarcinoma cell proliferation and invasion through the 
inactivation of Shh signaling pathway. Thus, these results 
suggest that SASH1 may be a novel potential therapeutic 
target for hepatocarcinoma.
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