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Objective: SASH1 is a member of the SH3/SAM adapter molecules family and has been 

identified as a new tumor suppressor and critical protein in signal transduction. An ectopic 

expression of SASH1 is associated with decreased cell viability of breast cancer. The aim of 

this study was to explore the association between SASH1 expression and the ultrasonographic 

features in breast cancer.

Patients and methods: A total of 186 patients diagnosed with breast cancer were included 

in this study. The patients received preoperative ultrasound examination, and the expression 

of SASH1 was determined using immunohistochemistry methods. Spearman’s rank correla-

tion analysis was used to analyze the correlation between SASH1-positive expression and the 

ultrasonographic features.

Results: The positive expression of SASH1 was observed in 63 (33.9%) patients. The positive 

expression rate of SASH1 was significantly decreased in patients with breast cancer (63/186, 

33.9%) compared with controls (P,0.001). The positive expression rate of SASH1 was signifi-

cantly decreased in patients with edge burr sign (P=0.025), lymph node metastasis (P=0.007), 

and a blood flow grade of III (P=0.013) compared with patients without those adverse ultra-

sonographic features. The expression of SASH1 was negatively correlated with edge burr sign 

(P=0.025), lymph node metastasis (P=0.007), and blood flow grade (P=0.003) of the patients 

with breast cancer.

Conclusion: The expression of SASH1 was inversely correlated with some critical ultrasono-

graphic features, including edge burr sign, lymph node metastasis, and blood flow grade in 

breast cancer, and decreased SASH1 expression appears to be associated with adverse clinical 

and imaging features in breast cancer.
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Introduction
Breast cancer is one of the most common malignancies affecting women worldwide, 

and its initiation and development are affected by many factors.1,2 Most patients 

have already been diagnosed in tumor progressing stage when visiting doctors, few 

of whom are noted in early tumor stage and receive treatment, which would have 

adverse effects on the patients’ prognosis. The current clinical therapy for treating 

breast cancer is mainly based on the estrogen receptor (ER) levels and pathological 

staging.3,4 Analyzing the correlation between breast ultrasound imaging and specific 

protein expression in cancerous tissues could contribute to providing a valuable refer-

ence for patients’ postoperative treatment and prognosis.

SASH1 is a member of SH3/SAM adapter molecules family and has been identi-

fied as a new tumor suppressor and critical protein in signal transduction. Ren et al5 

reported that downregulated expression of SASH1 inhibited growth, proliferation, 
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and migration and enhanced apoptosis in ovarian carcinoma. 

Recently, Burgess et al reported that SASH1 had a subtype-

dependent effect on the progression of breast cancer and 

was also associated with its prognosis. Restoring SASH1 

protein expression in breast cancer cells through chloro-

pyramine treatment seems to increase apoptosis in breast 

cancer cells, suggestive of its potential role as a therapeutic 

target.6 In addition, decreased expression of SASH1 is found 

in 74% of breast tumors compared with normal breast epi-

thelial tissues.7

In this study, SASH1 expression in breast cancer was 

determined, and its correlation with the ultrasonographic 

features was analyzed to provide clinical information for 

treatment and prognosis.

Patients and methods
Patients
A total of 186 patients diagnosed with breast cancer were 

included in the Traditional Chinese Medicine Hospital of 

Nantong City from March 2010 to May 2012. The patients 

received preoperative ultrasound examination and were then 

confirmed by the pathological examination. Inclusion criteria 

were 1) initial and untreated tumors, 2) no tumors in other body 

parts, and 3) diagnosed with single tumor. Exclusion criteria 

were 1) recurrent tumors and 2) accompanied by tumors in 

other body parts. The age of the patients was 49.32±5.78 years 

(range 29–75 years). The pathological types included infiltrat-

ing ductal carcinoma (153 cases, 82.26%), invasive lobular 

carcinoma (18 cases, 9.68%), invasive cribriform carcinoma 

(9 cases, 4.84%), and mucinous carcinoma (6 cases, 3.23%). 

Another 50 patients with ductal epithelial hyperplasia disease, 

aged 48.57±6.52 years (range 28–72 years), served as controls. 

All of the subjects provided written informed consent. The 

study protocols followed the Declaration of Helsinki and were  

approved by the ethics committee of the Traditional Chinese 

Medicine Hospital of Nantong City.

Ultrasonography
Patients took supine position to completely expose bilateral 

breasts and armpits, and then the successional radial scanning 

centering on the nipples was conducted; moreover, vertical 

and horizontal continuous scanning was also conducted based 

on each quadrant of the breast. In the first place, observations 

such as the location, size, margin, shape, aspect ratio, internal 

echo, posterior echo, and calcification status were acquired 

on two-dimensional ultrasound, then the blood flow in tumor 

tissues was detected by color Doppler imaging, and the blood 

flow was classified according to Alder semiquantitative 

classification standard. The breast lesion was described and 

classified based on the Breast Imaging and Reporting Data 

System (BI-RADS) formulated by the American College 

of Radiology.8

immunohistochemistry
Briefly, the formalin-fixed and paraffin-embedded tissue 

sections of 5 μm thickness were deparaffinized and then rehy-

drated with an ethanol gradient solution. Antigen retrieval 

was performed in a 0.01 mol/L sodium citrate buffer at pH 6.0 

with a high pressure for 5 min. The tissue sections were 

fully immersed in 3% H
2
O

2
 solution for 10 min to disable 

endogenous peroxidase activities. Next, the tissue sections 

were blocked with 10% goat serum for 30 min at 37°C. After 

that, these sections were incubated with rabbit anti-SASH1 

polyclonal antibody (Abcam, Cambridge, MA, USA) for 

overnight at 4°C and further incubated with a secondary 

antibody against rabbit immunoglobulins (EnVision, DAKO, 

Denmark) at 37°C for another 30 min. Finally, the sections  

were stained with diaminobenzidine for 5 min. The cyto-

plasm and cell membrane stained in yellow brown pattern 

were defined as immune positive. Five representative areas 

were randomly examined under a microscope at a final 

magnification of 400×. The number of positive cells ,10% 

was defined as negative, and the positive cells $10% was 

defined as positive. The immunohistochemical staining in 

this study was scored by two pathologists blinded to the 

clinicopathological data, and a controversy was resolved by 

consensus opinion with another senior pathologist.

statistical analysis
SPSS 19.0 statistical software (SPSS Inc., Chicago, IL, USA) 

was used for statistical analyses. Categorical variables are 

presented as rate and constituent ratio, which was analyzed 

by χ2 test. Spearman’s rank correlation analysis was used to 

analyze the correlation between SASH1 positive expression 

and the ultrasonographic features. P,0.05 was considered 

statistically significant.

Results
Basic characteristics of the patients with 
breast cancer
In 186 patients with breast cancer, 75 (40.3%) had a tumor 

size of $2 cm and 111 (59.7%) had a tumor size of ,2 cm. 

Edge burr sign was found in 118 (63.4%) patients (Figure 1A). 

A total of 33 (17.7%) patients had regular shape of the tumors, 

and the other 153 (82.3%) patients had irregular shape of the 

tumors. Internal calcification was observed in 90 (48.4%) 
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patients (Figure 1B). Lymph node metastasis was found 

in 105 (56.5%) patients (Figure 1C). A total of 47 (25.3%) 

patients had attenuated back echo. Blood flow signal of 

grade III was observed in 99 (53.2%) patients (Figure 1D) 

and grades I–II in 87 (46.8%) patients.

The expression of sash1 in breast 
cancer
In 186 patients with breast cancer, the positive expression of 

SASH1 was observed in 63 (33.9%) patients (Figure 2A), and 

the other 123 patients (66.1%) were diagnosed as negative 

expression (Figure 2B).

The expression rate of sash1 in benign 
and malignant breast diseases
There were no statistical differences in the age and gender 

between the patients with breast cancer and the controls 

(P.0.05). Among 50 patients with ductal epithelial hyper-

plasia disease, positive expression of SASH1 was found in 

31 patients (62.0%). The positive expression rate of SASH1 

was significantly decreased in patients with breast cancer 

(63/186, 33.9%) compared with controls (P,0.001). In addi-

tion, there was no statistical difference in positive expression 

rate of SASH1 between the different pathological types of 

breast cancer (P=0.298; Table 1).

Figure 1 Ultrasonographic features of the patients with breast cancer.
Notes: (A) edge burr sign. (B) Internal calcification. (C) lymph node metastasis. (D) Blood flow grade III.

Figure 2 The expression of sash1 in breast cancer.
Notes: (A) The positive expression of sash1 was mainly observed in cytoplasm; (B) there was very little expression of SASH1 in negative samples. Original magnification ×400.
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relationship between sash1 expression 
and ultrasonographic features in breast 
cancer
The positive expression rate of SASH1 was significantly 

decreased in patients with edge burr sign compared with 

those without edge burr sign (P=0.025). Patients with lymph 

node metastasis had significantly decreased expression rate of 

SASH1 than those without metastasis (P=0.007). Decreased 

expression rate of SASH1 was also found in patients who 

had a blood flow grade of III compared with those with I–II 

(P=0.013). The difference in positive expression rate of 

SASH1 protein between the tumors with different size, shape, 

whether internal calcification, and weakened back echo was 

not statistically significant (P.0.05; Table 2).

expression of sash1 correlates with 
edge burr sign, lymph node metastasis, 
and blood flow grade in patients with 
breast cancer
Spearman’s rank correlation analysis indicated that the 

expression of SASH1 was negatively correlated with edge 

burr sign of the patients with breast cancer (r=-0.164; 

95% CI: -0.314, -0.003, R2=0.0269, P=0.025). In addition, 

the expression of SASH1 was also negatively correlated with 

lymph node metastasis (r=-0.196; 95% CI: -0.333, -0.042, 

R2=0.0348, P=0.007) and blood flow grade (r=-0.217; 

95% CI: -0.369, -0.078, R2=0.0471, P=0.003). However, 

there was no significant correlation between SASH1 expres-

sion and other ultrasonographic features, including size, 

shape, internal calcification, and back echo in patients with 

breast cancer (Table 3).

Discussion
Analysis of the correlation between the ultrasonographic 

features of breast cancer and the expression of SASH1 is 

beneficial to provide important reference for the postop-

erative treatment and the prognosis of the patients. In this 

study, we found that the positive expression rate of SASH1 

was significantly decreased in patients with breast cancer 

(33.9%) compared with patients having ductal epithelial 

hyperplasia disease. Zeller et al7 reported a low level expres-

sion of SASH1 in breast cancer. These data suggest that 

Table 1 expression of sash1 in benign and malignant breast diseases

Patients Subjects (n) SASH1+ SASH1- SASH1+ rate (%) χ2 P-value

control 50 31 19 62.0 13.010 ,0.001
Breast cancer 186 63 123 33.9 2.421 0.298

Infiltrating ductal carcinoma 153 48 105 31.4
invasive lobular carcinoma 18 8 10 44.4
invasive cribriform carcinoma  
and mucinous carcinoma

15 7 8 46.7

Note: +, sash1 positive expression; -, negative expression.

Table 2 relationship between sash1 expression and ultrasonographic features in breast cancer

Ultrasonographic features Subjects (n) SASH1+ SASH1- SASH1+ rate (%) χ2 P-value

Tumor size 0.254 0.614
$2 cm 75 27 48 36.0
,2 cm 111 36 75 32.4

edge burr sign 5.024 0.025
Yes 118 33 85 28.0
no 68 30 38 44.1

shape 1.310 0.252
regular 33 14 19 42.4
irregular 153 49 104 32.0

Internal calcification 0.212 0.645
Yes 90 29 61 32.2
no 96 34 62 35.4

lymph node metastasis 7.162 0.007
Yes 105 27 78 25.7
no 81 36 45 44.4

Back echo 0.107 0.743
attenuation 47 15 32 31.9
no attenuation 139 48 91 34.5

Blood flow grade 6.108 0.013
iii 99 24 75 24.2
i–ii 87 39 48 44.8

Note: +, sash1 positive expression; -, negative expression.
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SASH1 may play critical role in the development of breast 

cancer. Martini et al9 elucidated a potential anticancer 

mechanism of SASH1 including regulation of the adhesion 

and migration of cancer cells via interacting with the actin 

cytoskeleton. Reduced expression of SASH1 is correlated 

with increase in tumor size, aggressive growth, metastasis, 

and poor survival.7,10,11 In addition, the enhanced expression 

of SASH1 was correlated with reduced invasive ability in 

human U251 glioma cells.12 From the point of histologic 

type, there were no statistical differences in the positive 

rate of SASH1 expression when compared among groups 

of invasive ductal carcinoma, invasive lobular carcinoma, 

mucinous carcinoma, and invasive cribriform carcinoma. 

Burgess et al6 recently reported a significant difference in 

SASH1 expression between ER-positive and -negative breast 

cancers, but no statistical difference was found between 

human epidermal growth factor receptor 2 (HER2)-positive 

and -negative breast cancers.

The tumor showed a sign of burr, irregular boundary, 

internal calcification, and lymphatic metastasis, all of which 

indicated a malignant transformation. No correlation was 

found between SASH1 and tumor size, shape, or calcifica-

tion in this study, suggesting that the expression of SASH1 

is probably irrelevant to these macroscopically visible mani-

festations revealed by ultrasonic testing. Interestingly, we 

found that the positive rate of SASH1 expression was 28.0% 

in breast cancer patients with a sign of edge burr. However, 

the positive rate turned to be 44.1% in patients without a 

sign of edge burr. There was statistically significant differ-

ence between them. Spearman’s rank correlation analysis 

showed that the edge burr sign had a significantly negative 

correlation with SASH1 expression. Furthermore, the posi-

tive rate of SASH1 expression was 25.7% in patients with 

lymphatic metastasis, while this positive rate was 44.4% in 

patients without lymphatic metastasis. The difference was 

also statistically significant. Relative analysis indicated 

a significantly negative correlation between lymphatic 

metastasis and SASH1 expression. The results mentioned 

above demonstrate that there is a certain correlation between 

expression of SASH1 and malignant characteristics of tumor, 

but the associated mechanisms still need further research.

In this study, the positive rate of SASH1 expression in 

stages I–II and III carcinoma based on the color Doppler 

blood flow classification was 44.8% and 24.2%, respec-

tively, which indicated a more abundant blood flow in breast 

cancer tissue and a lower positive rate of SASH1 expression. 

The intratumoral microvessel density has been regarded as 

one important indicator for quantitatively analyzing tumor 

angiogenesis, which can clearly reflect the intratumoral blood 

vessels state and tumor-induced angiogenesis ability.13 Some 

studies have shown that SASH1 is ubiquitously expressed in 

microvascular beds and acts as a scaffold for independently 

binding signaling molecules such as TRAF6, TAK1, and IκB 

kinase α and β. SASH1 functions to assemble a signaling 

complex to activate early endothelial responses upon TLR4 

activation.14 The results in this study uncovered an inverse 

correlation between SASH1 expression in breast cancer tissue 

and microvascular flow, namely, a more abundant blood flow 

in breast cancer and a lower positive rate in SASH1 expres-

sion. This was possibly related to the different expression 

levels of SASH1 in tumor-derived neovascular endothelium 

and normal tissue vascular endothelium, suggesting that 

SASH1 may participate in the signaling transduction and 

regulation involved in tumor angiogenesis.

As for the posterior acoustic attenuation revealed in 

ultrasound testing, most scholars believe it is caused by 

enhanced absorption of sound energy owing to increase 

and disorganized arrangement of tumor interstitial collagen 

fiber.15 In this study, we did not observe a difference in 

positive rate of SASH1 expression existing between patients 

with appearance of posterior acoustic attenuation or without; 

moreover, no correlation was found between posterior acous-

tic attenuation and SASH1 expression. Thus, we consider a 

relationship existing between SASH1 and tumor microhe-

modynamics and there is no specific correlation between 

SASH1 and posterior acoustic attenuation.

The current data are beneficial to evaluate the clinico-

pathological characteristic of a patient with breast cancer. 

In addition, interpretation of the feature of SASH1 expres-

sion may help to use SASH1 as a treatment target for breast 

cancer in future. In this study, we investigated the relationship 

between SASH1 expression in breast cancer patients and 

ultrasonography features, but limits still exist in this study as 

follows: 1) No follow-up information is included. 2) A poly-

clonal antibody of SASH1 used in this study has potential 

possibility of nonspecific cross reactions. 3) The relationship 

between SASH1 expression and prognosis in breast cancer 

Table 3 The expression of sash1 correlates with edge burr 
sign, lymph node metastasis, and blood flow grade

Ultrasonographic 
features

r 95% CI R2 P-value

Tumor size 0.037 -0.119, 0.176 0.0014 0.616
edge burr sign -0.164 -0.314, -0.003 0.0269 0.025
shape 0.084 -0.078, 0.237 0.0071 0.255
Internal calcification -0.034 -0.184, 0.114 0.0012 0.648
lymph node metastasis -0.196 -0.333, -0.042 0.0384 0.007
Back echo -0.024 -0.164, 0.121 0.0006 0.745
Blood flow grade -0.217 -0.369, -0.078 0.0471 0.003
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patients should be highlighted in future study, such as records 

and analysis of survival time and adverse events.

Conclusion
The expression of SASH1 was inversely correlated with 

some critical ultrasonographic features including edge burr 

sign, lymph node metastasis, and blood flow grade in patients 

with breast cancer. Our data suggest that decreased SASH1 

expression appears to be associated with adverse clinical and 

imaging features in breast cancer.
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