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Abstract: The SASH1 (SAM- and SH3-domain containing 1) gene, a member of the SLY-family of signal adapter 
proteins, has an important regulatory role in tumorigenesis, but its implication in thyroid carcinoma has not been 
yet investigated. In this study, we investigated the role of SASH1 in proliferation and invasion of thyroid cancer cells 
and the underlying mechanism. Our results demonstrated that SASH1 is down-regulated in thyroid cancer cells. 
Overexpression of SASH1 inhibits thyroid cancer cell proliferation, migration and invasion with decreased epithelial-
mesenchymal transition (EMT). Mechanistically, overexpression of SASH1 inhibits thyroid cancer cell proliferation 
and invasion through down-regulation of PI3K and Akt phosphorylation. Taken together, the present study showed 
that the loss or inhibition of SASH1 expression may play an important role in thyroid cancer development, invasion, 
and metastasis and that SASH1 may be a potential therapeutic target for the treatment of thyroid cancer.
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Introduction

Thyroid cancer is the most common malignant 
tumor in endocrine system, and its incidence 
has been steadily increasing in the world [1, 2]. 
The major type of thyroid cancer is papillary thy-
roid carcinoma (PTC). In most cases, patients 
with thyroid cancer have a good prognosis. 
However, patients with local invasion outside 
the thyroid capsule and distant metastases fre-
quently poor clinical outcome [3, 4]. Thus, a 
good understanding of the molecular mecha-
nisms underlying thyroid cancer invasion and 
metastasis is still imperative.

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, is a recently discov-
ered tumor suppressor [5]. SASH1 is composed 
of one Src homology 3 (SH3) domain, which is 
necessary for protein-protein interaction and 
mediates the formation of signaling complexes 
[6]. Among these protein-protein interaction 
domains, the SAM domain can exhibit more 
complex functions. The SAM domain could 
mediate protein-protein interactions through 
homologous or heterogonous oligomerization 
with the SAM domains of other proteins, and it 

could regulate transcription by mediating the 
binding of the Smaug protein and mRNA [7]. 
The reduction or absence SASH1 is closely 
related to tumor growth, invasion, metastasis, 
and poor prognosis [8-10]. Meng et al. showed 
that the expression of SASH1 was down-regu-
lated in osteosarcoma tissues compared to 
normal bone tissue, and overexpression of 
SASH1 significantly reduced osteosarcoma cell 
viability, proliferation, and invasive ability [11]. 
Chen et al. reported that SASH1 inhibited A549 
human lung cancer cell growth and proliferation 
as well as promote cellular apoptosis [12]. Most 
recently, one study reported that SASH1 mRNA 
expression was significantly decreased in pri-
mary thyroid cancers [5]. However, the role of 
SASH1 in thyroid cancer remains unclear. In 
this study, we show that SASH1 is lowly 
expressed in thyroid cancer cell lines. SASH1 
inhibits thyroid cancer cell proliferation, migra-
tion and invasion. 

Materials and methods

Cell culture

Human thyroid cancer cell lines TPC1, K1, and 
FTC133 were purchased from American Type 
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Culture Collection (ATCC, USA). All cells were 
cultured in Dulbecco’s modified Eagle’s medi-
um (DMEM) (Gibco Laboratories, Grand Island, 
NY, USA) supplemented with 10% fetal bovine 
serum (FBS), 100 U/ml penicillin, and 100 mg/
ml streptomycin (Gibco Laboratories, Grand 
Island, NY, USA) at 37°C in humidified air with 
5% CO2.

Quantitative real-time polymerase chain reac-
tion (qRT-PCR) analysis 

Total RNA was isolated from thyroid cancer 
cells using the RNA plus kit (Invitrogen, 
Carlsbad, CA, USA). One microgram of total 
RNA was reverse-transcribed to complementa-
ry DNA (cDNA) using the Transcriptor First 
Strand cDNA Synthesis Kit (Invitrogen, 
Carlsbad, CA, USA). The levels of gene mRNA 
transcripts were analyzed by using the specific 
primers and SYBR Green I reagent and the 
RT-PCR kit, according to the manufacturer’s 
instructions, on Bio-Rad iQ5 Quantitative PCR 
System (Takara Bio Inc., Otsu, Japan). The spe-
cific primers for SASH1 were sense, 
5’-TCCCGTCACAGGAAGAAACG-3’, and antisen- 
se, 5’-GATACCCATCACGTCGGTCC-3’; and for 
β-actin were sense, 5’-AAATCGTGCGTGACATCA- 
AAGA-3’ and antisense, 5’-GGCCATCTCCTGCTC- 
GAA-3’. The PCR procedure was as follows: 
94°C for 4 min; 94°C for 20 s, 55°C for 30 s, 
and 72°C for 20 s; 2 s for plate reading for 35 
cycles; and melting curve from 65 to 95°C. 
β-actin was used as a control for normalizing 
gene expression. Experiments were performed 
independently at least three times. The data 
obtained were calculated by 2-ΔΔCt [13]. All 
experiments were repeated at least three 
times.

Western blot

Total protein extracts were lysed in lysis buffer 
(20 mM HEPES [pH 7.6], 350 mM NaCl, 20% 
glycerol, 0.5 mM EDTA, 0.1 mM EGTA, 1% 
NP-40, 50 mM NaF, 0.1 mM DTT, 0.1 mM PMSF 
and a protease inhibitor cocktail). The protein 
concentration was determined using a Bradford 
protein assay (Takara Biotechnology, Dalian, 
China). Equal amounts of protein were electro-
phoresed on SDS-PAGE and blotted onto PVDF 
membranes (Millipore Corp, Billerica, MA, USA). 
After the membranes were blocked by a 5% 
skim milk solution, the membranes were incu-
bated overnight at 4°C with various primary 

antibodies (rabbit polyclonal SASH1, E-cadherin, 
N-cadherin, Vimentin, phospho-PI3K, PI3K, 
phospho-Akt, Akt or GAPDH from Santa Cruz 
Biotechnology, Santa Cruz, CA, USA) at 4°C 
overnight. The membranes were washed and 
incubated at room temperature for 1 h with the 
secondary antibodies, which were conjugated 
with horseradish peroxidase (HRP). The immu-
noreactive protein bands were visualized by 
ECL kit (Pierce, Rockford, USA).

Construction of the pcDNA3.1-SASH1 vector 
and cell transfection

The full-length SASH1 open reading frame was 
amplified from human thyroid cancer cells by 
RT-PCR, and cloned into the pcDNA3.1 expres-
sion vector to construct the pcDNA3.1-SASH1 
recombinant expression vector. FTC133 cells 
were transfected with pcDNA3.1-SASH1 or 
pcDNA3.1 (empty vector) using Lipofectamine 
2000 (Invitrogen, Carlsbad, CA), according to 
the manufacturer’s instructions. After 48 h of 
transfection, the transfectants were selected 
in a medium containing 0.5 mg/ml of G418 for 
2 to 3 weeks to generate the stable pools.

Cell proliferation assay

FTC133 cells transfected with pcDNA3.1-
SASH1 or empty vector were seeded into 
96-well plates (5×103 cells/well) and incubated 
for 24 h, 48 h and 72 h, respectively. Then, 
cells were stained with an equal volume (100 
μl) of fresh medium containing 0.456 mg/ml 
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetra-
zolium bromide (MTT) and incubated for 4 h at 
37°C in the dark, followed by removal of the cul-
ture medium and addition of 100 ml of dimethyl 
sulfoxide (Sigma). Cell growth was determined 
by the colorimetric comparison of optical den-
sity (OD) values from a microplate reader at an 
absorption wavelength of 570 nm.

Determination of cell cycle by flow cytometry

Cells were harvested, washed with cold PBS, 
and processed for cell-cycle analysis by using 
flow cytometry. In brief, the cells were fixed in 
75% ethanol and stored at -20°C overnight for 
later analysis. The fixed cells were centrifuged 
at 1,000 rpm for 5 min and washed with cold 
PBS twice. RNase A (20 mg/ml final concentra-
tion) and propidium iodide staining solution (50 
mg/ml final concentration) were added to the 



SASH1 inhibits thyroid cancer cell proliferation and invasion

12278	 Int J Clin Exp Pathol 2015;8(10):12276-12283

cells and incubated for 30 min at 37°C in the 
dark. The cell cycle was detected by flow cytom-
etry (Invitrogen, Carlsbad, CA, USA). The experi-
ment was repeated three times.

Cell migration and invasion assays 

The invasive and migration behaviors of indi-
cated cells were analyzed by Transwell cham-
ber (Corning Costar Corp., Cambridge, MA, USA) 
assay with or without coated Matrigel (BD 
Biosciences, Bedford, MA, USA). FTC133 trans-
fected with overexpession-SASH1 or vector 
(5×104 cells/ml) suspended in RPMI medium 
were added to the upper chamber. The lower 
chamber of the Transwell was filled with 500 μl 
DMEM containing 10% FBS as a chemoattrac-
tant. After 24 h incubation, cells on the surface 
of upper chamber were removed by scraping 
with a cotton swab. The invaded/migrated cells 
on the lower surface of the filter were washed, 
fixed, stained with Giemsa, and counted under 
a microscope. Experiments were repeated at 
least three times.

Statistical analysis

Data are expressed as mean ± standard devia-
tion (SD) and analyzed by one-way analysis of 
variance, Student’s t test or ANOVA. The differ-

ence between means was considered signifi-
cant when the P value was <0.05. 

Results

SASH1 expression in thyroid cancer cell lines

We firstly examined levels of SASH1 in TPC1, 
K1, and FTC133 thyroid cancer cell lines and 
Nthy-ori3-1 normal thyroid cell line. As shown in 
Figure 1A, the expression of SASH1 mRNA was 
significantly decreased in thyroid cancer cells 
compared with normal thyroid cells. In line with 
the results of qRT-PCR, Western blot analysis 
demonstrated that the expression of SASH1 
protein was also obviously reduced in thyroid 
cancer cells (Figure 1B). FTC133 cells were 
selected because of expressing low level of 
SASH1.

Effect of SASH1 on thyroid cancer cell growth

To examine the role of SASH1 in thyroid cancer 
cell growth, FTC133 cells were transduced with 
pcDNA3.1-SASH1. FTC133 cell line stably 
transfected with pcDNA3.1-SASH1 has a sig-
nificant increase in SASH1 expression com-
pared with the vector control (Figure 2A, 2B). 
Moreover, we evaluated the cell growth by MTT 
assay. We observed that overexpression of 

Figure 1. SASH1 expression in thyroid cancer cell lines. A. The expression levels of SASH1 mRNA were significantly 
decreased in TPC1, K1, and FTC133 thyroid cancer cell lines compared with that in Nthy-ori3-1 normal thyroid cell 
line. B. The expression levels of SASH1 proteins were significantly decreased in TPC1, K1, and FTC133 thyroid can-
cer cell lines compared with that in Nthy-ori3-1 normal thyroid cell line. The results are expressed as mean ± SD and 
n=3 per group. *P<0.05 compared with the control group.
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SASH1 resulted in a dramatic decrease in 
growth of the tumors cell lines (Figure 2C). 

Effect of SASH1 on thyroid cancer cell cycle

Then, we examined the effect of SASH1 on thy-
roid cancer cell cycle using flow cytometry. As 
shown in Figure 3, flow cytometry assay indi-
cated that overexpression of SASH1 increased 
the percentage of cells in the G1-G0 phase and 
decreased the percentage of S-phase in 
FTC133 cells. There was no significant differ-
ence between the blank control group and the 
empty vector control group. 

Effect of SASH1 on thyroid cancer cell migra-
tion and invasion

To test the effects of SASH1 on thyroid cancer 
cell migration and invasion, transwell assays 
were used. As shown in Figure 4A, overexpres-
sion of SASH1 significantly inhibited FTC133 

Figure 2. Effect of SASH1 on thyroid cancer 
cell growth. A. Overexpression of SA1SH1 
mRNA in FTC133 cells stably transfected 
with pcDNA3.1-SASH1. B. Overexpression 
of SA1SH1 protein in FTC133 cells stably 
transfected with pcDNA3.1-SASH1. C. MTT 
assay of cell growth in FTC133 cells. The re-
sults are expressed as mean ± SD and n=3 
per group. *P<0.05 compared with the con-
trol and vector groups.

Figure 3. Effect of SASH1 on thyroid cancer cell 
cycle. FTC133 cells were transfected with vector or 
pcDNA3.1-SASH1 for 24 h. Cell cycle profiles were 
determined by flow cytometric analysis. The percent-
age of cell cycle distribution after the indicated treat-
ment. The results are expressed as mean ± SD and 
n=3 per group. *P<0.05 compared with the control 
and vector groups.
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cell migration. Transwell invasion assay showed 
that overexpression of SASH1 in FTC133 cells 
suppressed the number of invaded cells (Figure 
4B). 

Effect of SASH1 on EMT of thyroid cancer cells

It is well known that epithelial-mesenchymal 
transition (EMT) plays a critical role in cancer 
cell migration and invasion [14]. As shown in 
Figure 5, overexpression of SASH1 increased 
expression of the epithelial marker E-cadherin 

and decreased that of N-cadherin and Vimentin, 
two mesenchymal markers in FTC133 cells.

SASH1 inhibits thyroid cancer cell prolifera-
tion, migration and EMT through suppressing 
PI3K/Akt signaling pathway

PI3K/Akt signaling pathway plays an important 
role in the development of tumor [15]. Therefore, 
we investigated the effect of SASH1 on the 
expression of certain molecules involved in the 
PI3K/Akt signaling pathway. As shown in Figure 

Figure 4. Effect of SASH1 on thyroid cancer cell migration and invasion. A. Cell migration of FTC133 cells with SASH1 
overexpression. B. Cell invasion of FTC133 cells with SASH1 overexpression. The results are expressed as mean ± 
SD and n=3 per group. *P<0.05 compared with the control and vector groups.

Figure 5. Effect of SASH1 on EMT of thyroid cancer cells. A. The levels of E-cadherin, N-cadherin and Vimentin 
were detected in vector, pcDNA3.1-SASH1-transfected FTC133 cells by western blot analysis. B. Quantification of E-
cadherin, N-cadherin and Vimentin. The results are expressed as mean ± SD and n=3 per group. *P<0.05 compared 
with the vector group.
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6, overexpression of SASH1 obviously 
decreased levels of PI3K and Akt phosphoryla-
tion in FTC133 cells.

Discussion

SASH1 can inhibit proliferation and migration/
invasion of several cancer cells. However, the 
role of SASH1 in thyroid cancer is unknown. In 
this study, we found that SASH1 is down-regu-
lated in thyroid cancer cells. Overexpression of 
SASH1 inhibits thyroid cancer cell proliferation, 
migration and invasion with decreased EMT. 
Mechanistically, overexpression of SASH1 
inhibits thyroid cancer cell proliferation and 
migration through down-regulation of PI3K and 
Akt phosphorylation. 

Several studies have demonstrated that down-
regulated expression of SASH1 was involved in 
tumorigenesis. Study by Zeller et al. showed 
that decreased or absent SASH1 mRNA expres-
sion in six breast cancer cell lines [5]. It also 
has been observed that SASH1 expression in 
colon cancers is also significantly decreased 
[8]. In line with these results, in this study, we 
found that SASH1 is down-regulated in thyroid 

cancer cells, suggesting that SASH1 functioned 
as a tumor suppressor in thyroid cancer cells.

Previous studies have demonstrated that 
SASH1 could inhibit cell proliferation [11, 12, 
16]. In line with these results, in this study, we 
found that overexpression of SASH1 inhibits 
thyroid cancer cell proliferation. In addition, 
overexpression of SASH1 induced G1-S-phase 
arrest. These results suggest that overexpres-
sion of SASH1 inhibits thyroid cancer cell prolif-
eration via inducing G1-S-phase arrest in thy-
roid cancer cells. 

Previous studies have reported that SASH1 
downregulation is closely related to tumor inva-
sion, metastasis, and poor prognosis, indicat-
ing that SASH1 may also play an important role 
in these processes. In current study, we strong-
ly demonstrated that overexpression of SASH1 
significantly inhibited thyroid cancer cell migra-
tion and invasion. 

Epithelial-mesenchymal transition (EMT) has 
been found to be closely related with carcino-
ma progression, and acts as a major driver of 
tumor invasion [17]. Reduction or a loss of 

Figure 6. SASH1 inhibits thyroid can-
cer cell proliferation, migration and 
EMT through suppressing PI3K/Akt 
signaling pathway. (A) The levels of 
phosphorylated PI3K, total PI3K, 
phosphorylated Akt, total Akt, were 
detected in vector, pcDNA3.1-SASH1-
transfected FTC133 cells by western 
blot analysis. Quantification of (B) p-
PI3K/PI3K and (C) p-Akt/Akt. The re-
sults are expressed as mean ± SD and 
n=3 per group. *P<0.05 compared 
with the vector group.
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E-cadherin expression has a crucial role in 
tumor progression to invasive cancer and is 
one of the well-established hallmarks of EMT 
[17]. In this study, we found that overexpression 
of SASH1 increased expression of the epithelial 
marker E-cadherin and decreased that of 
N-cadherin and Vimentin, two mesenchymal 
markers in FTC133 cells. These results suggest 
that we assumed that SASH1 may promote 
cancer migration and invasion by reducing EMT 
in thyroid cancer cells.

PI3K/Akt signaling has been shown to play a 
central role in cancer cell proliferation, migra-
tion and invasion [15, 18-20]. PI3K is activated 
by oncogenes, and activated PI3K promoted 
cancer cell growth and survival [21]. Akt (pro-
tein kinase B) is a central signaling molecule in 
the PI3K pathway that is frequently activated in 
human cancer [22]. Activated Akt could stimu-
late the phosphorylation and impact various 
downstream targets, including GSK-3β, BAD, 
IKK, p27, MDM2, and the FOXO family of tran-
scription factors [23]. Pharmacological and 
molecular inhibition of PI3K and Akt isoforms 
has been shown to reduce proliferation and 
invasion in a variety of human thyroid cancer 
cell lines in vitro, and PI3K and more specific 
Akt inhibitors reduce thyroid cancer cell cycle 
progression at G2/M phase transition and 
induce apoptosis [24, 25]. In the current study, 
we observed that overexpression of SASH1 
obviously decreased levels of PI3K and Akt 
phosphorylation in thyroid cancer cells. These 
results suggest that SASH1 inhibits thyroid can-
cer cell proliferation, migration and EMT 
through suppressing PI3K/Akt signaling path- 
way.

In conclusion, the present study showed that 
the loss or inhibition of SASH1 expression may 
play an important role in thyroid cancer devel-
opment, invasion, and metastasis and that 
SASH1 may be a potential therapeutic target 
for the treatment of thyroid cancer.
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