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Downregulation of SASH1 correlates with
poor prognosis In cervical cancer
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Abstract. - OBJECTIVE: The aim of this study
was to analyze the association of SASH1 expres-
sion with clinicopathological features and prog-
nosis in patients suffering cervical cancer.

PATIENTS AND METHODS: The expressions
of SASH1 mRNA and protein in cervical cancer
tissues and matched normal cervical tissues
were detected by Real-time PCR and Immuno-
histochemistry. Based on the above findings,
the association among SASH1 expression and
clinicopathological features was analyzed. Over-
all survival was evaluated using the Kaplan-Mei-
er method. The variables were used in univariate
and multivariate analysis by the Cox proportion-
al hazards model.

RESULTS: The results demonstrated that both
SASH1 mRNA and proteins were downregulated
in cervical cancer tissues compared with those
in matched normal tissues (both p < 0.05). Also,
decreased SASH1 expression in cervical cancer
was found to be significantly associated with
high FIGO Stage (p=0.001), lymph nodes metas-
tasis (p = 0.003) and differentiation (p = 0.018).
Furthermore, Kaplan-Meier analysis demon-
strated that low SASH1 expression level was as-
sociated with poorer overall survival (p < 0.01).
Univariate and multivariate analyses indicated
that status of SASH1 was an independent prog-
nostic factor for patients with cervical cancer.

CONCLUSIONS: These findings suggested
that SASH1 can be useful as a new prognostic
marker and therapeutic target in cervical cancer
patients.
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Introduction

Cervical cancer is the fourth most common
cancer after breast, colorectal, and lung cancer in
women with about 132,000 new cases in China
per year'?. The treatment can achieve a 5-year
overall survival rate of 67% with the advancement
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in therapeutics®. However, current therapeutics,
including surgery, radiation, and chemotherapy,
show limited effectiveness for advanced invasive
cervical cancer*’. Predicting prognosis of patients
would be of help in the treatment. Clinical factors,
such as size, stage, and lymph node metastasis,
may be used for prognostic markers, but their re-
latively low specificity cannot accurately predi-
ct survival®. Thus, persistent effort is needed to
find novel and efficient molecular markers, which
can predict tumor progression and guide clinical
outcome.

The SAM and SH3 domain containing 1
(SASH1) gene, which includes 22 exons and
21 introns, is located at the chromosomal locus
6q24.3". SASH1 is a member of the SLY-family of
signal adapter proteins, encodes a protein contai-
ning sterile a motif (SAM) and Src homology do-
main 3 (SH3), which is required for protein-pro-
tein interaction and mediates the formation of
signaling complexes®'?. Recent studies indicated
that SASH1 served as a tumor suppressor gene
in various tumors. For instance, He et al'! repor-
ted that forced expression of SASH1 suppressed
the metastatic process of hepatocarcinoma cells
through suppressing the sonic hedgehog signa-
ling pathway. Ren et al'? showed that SASHI
overexpression suppressed proliferation and mi-
gration of ovarian carcinoma cells, and its low
expression was associated with poor prognosis in
ovarian carcinoma patients. In line with these stu-
dies, a previous study' showed a down-regulated
expression of SASHI1 in cervical cancer, sugge-
sting that SASH1 may play a negative regulator in
cervical cancer. However, the prognostic signifi-
cance of SASHI in cervical cancer has not been
reported.

In the present study, we collected cervical can-
cer patients from our hospital and detected the
expression levels of SASHI protein and mRNA
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in cervical cancer tissues. Also, we analyzed the
association between SASHI1 expression and cli-
nical features and prognosis. To our best know-
ledge, this is the first study about the prognostic
significance of SASH1 in cervical cancer.

Patients and Methods

Clinical Specimens

Patients who had received operation for cer-
vical cancer at the Zhongnan Hospital of Wuhan
University between 2008 and 2011 were recrui-
ted with written informed consent. None of the
patients had undergone previous treatment inclu-
ding radiation or chemotherapy. Tumor tissues
were obtained and stored immediately in liquid
nitrogen after surgical resection. The diagnosis of
tissue samples was approved by pathologists. The
determination of the clinical stage was performed
according to the International League of Gyneco-
logy and Obstetrics (FIGO). Patients’ characteri-
stics are described in Table I. Prior informed con-
sent was obtained from all patients, and the study
was approved by the Ethics Committee of Zhon-
gnan Hospital of Wuhan University (Wuhan, Hu-
bei, China).

Quantitative Real-time PCR

Total RNA was isolated from cervical cancer
tissue and adjacent normal tissue using the Trizol
Total RNA Reagent (Invitrogen, Carlsbad, CA,

USA). cDNA was generated from 500 ng of total
RNA using PrimeScript™ RT Master Mix Perfect
Real-time (TaKaRa, Dalian, China). Quantitative
Real-time polymerase chain reactions were per-
formed with 1 pL of cDNA and SYBR Green Re-
al-time PCR Master Mix (TaKaRa, Dalian, China).
Reactions were performed in triplicate using 244t
method. GADPH was used as an endogenous con-
trol. The primer sequences were as follows: GA-
DPH: 5-GTCAACGGATTTGGTCTGTATT-3’
(forward), 5-AGTCTTCTGGGTGGCAGT-
GAT-3’ (reverse); SASH1: 5°- CGGGAAAGCGTC
AAGTCG GA -3’ (forward), 5’-ATCTCCTTTCT-
TGAG CTTGAG-3’ (reverse).

Immunohistochemistry (ICH)

Protein expression was assayed by immu-
nohistochemistry using the paraffin-embedded
sections from the patients with cervical cancer.
The slides were firstly deparaffinized in xylene
and rehydrated in a graded alcohol series and the
endogenous peroxidase activity was blocked with
3% H,0O,. Next, the slides were treated with 1%
bovine serum albumin (BSA) for 30 min to block
nonspecific reactions. After the cells were washed
with phosphate buffered saline (PBS) three times,
they were incubated for 1 h in the dark with SA-
SH1-conjugated secondary anti-rabbit antibodies
(Invitrogen, Carlsbad, CA, USA). After washing
the sections, peroxidase-labeled polymer and sub-
strate-chromogen solutions were used to visualize
stained proteins of interest. Negative controls were

Table I. Association of SASH1 expression with different clinicopathological features of cervical cancer patients.

SASH1 expression
Variable Number Low High p-value
Age (years) 0.492
<60 51 23 28
>60 78 40 38
Tumor size (cm) 0.515
<3 72 37 35
>3 57 26 31
Histologic type 0.382
Squamous cell 79 41 38
Adenoma 50 22 28
Differentiation (grade) 0.036
1/2 97 41 56
3 32 22 10
Lymph nodes metastasis 0.003
No 96 34 52
Yes 43 29 14
FIGO Stage 0.001
Ib-ITa 82 31 51
IIb-I11a 47 32 15
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Figure 1. Relative expression of SASHI mRNA in cervical
cancer tissues and matched non-tumor normal tissues were
examined by qRT-PCR.

performed by PBS replaced SASH1 antibody du-
ring the primary antibody incubation. Slides were
examined by two investigators in an independent
and random manner. For each tissue sample, the
intensity and the proportion of stained tumor cells
were recorded. Immunohistochemical grading was
performed using the following scoring system,
which was described in previous study™.

Statistical Analysis

The results were analyzed using SPSS 18.0
software (SPSS Inc., Chicago, IL, USA). The sta-
tistical significance of differences between two
groups was calculated using the unpaired Stu-
dent’s t-test. Fisher’s exact probability test was

used to assess the correlation between SASHI
expression levels and clinicopathological cha-
racteristics. Both Kaplan-Meier method and a
log-rank test were implemented to determine the
significant difference in overall survival of pa-
tients. Cox multivariate proportional hazards mo-
del was applied to analyze the survival variables.
All p-values were 2-sided and statistical signifi-
cance was determined at p < 0.05.

Results

Protein Expression of SASH1 mRNA and
Protein in Human Cervical Cancer Tissues
The expression of SASHI mRNA in cervical
cancer tissues and adjacent tissues were analyzed
by qRT-PCR. The results were shown in Figure 1;
we found that SASH1 mRNA expression in cer-
vical cancer tissues was significantly downregu-
lated compared with that in adjacent tissues (p <
0.05). Then, we analyzed cervical cancer tissues
and normal cervical tissues by ICH. Representati-
ve photomicrographs of SASHI immunostaining
are shown in Figure 2. It was observed that 48.8%
(63/129) of the tumor tissue samples showed low
SASHI expression and 51.2% (66/129) showed
high expression. In contrast, all of the normal cer-
vical tissue showed strong SASH1 expression.

Relationship Between SASH1 Expression

and Clinicopathological Characteristics
Next, we analyzed the association between the

SASHI1 expression and various clinicopatholo-

Figure 2. THC staining for SASH1 protein expression in cervical cancer tissues and matched non-tumor normal tissues. 4,
High SASH1 expression in normal tissues. B, Low SASHI1 expression in cervical cancer tissues.
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Figure 3. Overall survival curve of cervical cancer patients
with different SASH1 expression. The patients with a lower
expression of SASH1 had a lower survival time compared
with those with a higher expression of SASH1 (p = 0.0156).

gical factors of the cervical cancer patients. As
shown in Table I, our results indicated that the de-
creased expression of SASHI in cervical cancer
was positively associated with high FIGO Stage
(p = 0.001), lymph nodes metastasis (p = 0.003)
and differentiation (p = 0.018). However, there
was no association between SASHI expression
and other clinicopathologic characteristics (all p
> (.05). These data suggested that SASH1 might
play an important role in the progression of cer-
vical cancer.

Prognostic Values of SASH1 Expression
in Cervical Cancer

The Kaplan-Meier analysis was performed to
show the relationship between patient survival
and the expression of SASHI1. As shown in Fi-
gure 3, we observed that SASHI expression was
significantly associated with overall survival of
cervical cancer patients (p = 0.0156). Next, we
performed univariate and multivariate analysis to

identify the predictors of overall survival. The re-
sults were shown in Table II, in univariate analy-
sis, differentiation (p = 0.0018), lymph nodes me-
tastasis (p = 0.008), FIGO Stage (p = 0.005) and
low SASHI expression (p = 0.006) were signifi-
cant predictive factors for poor outcome. Further-
more, in multivariate analysis, SASH1 expression
level was proved to be independent prognosis fac-
tors for cervical cancer (p = 0.009).

Discussion

Cervical cancer remains a major public health
problem, specifically in advanced cases'. In cli-
nical practice, favorable prognosis and increased
long-term survival time have been proven to be
correlated with early diagnosis and precise the-
rapy in cervical cancer'. Recent studies'” have de-
monstrated that some abnormal molecular biology
changes may predict the prognosis of tumor pa-
tients. For instance, Kim et al”® reported that high
OCT4 protein expression showed worse overall
survival rates when compared to the low-expres-
sion group. Wang et al found that high FABP5
expression was significantly correlated with lymph
node metastasis, lymphovascular space invasion
and poor overall survival time in cervical cancer.
In the present study, we focused on SASHI.

As a member of the SH3-domain containing
expressed in lymphocytes (SLY1) gene family,
which is involved in various cellular signal pa-
thway, SASH1 plays an important role in deve-
lopment and progression of several tumors®. For
example, Joshua et al*' reported that down-regula-
tion of SASH1 was observed in breast cancer tis-
sues and cell line, and high SASHI1 expression is
an independent marker of favorable prognosis in
breast cancer. Sun et al* found that forced SASH1
expression suppressed proliferation and EMT of

Table Il. Univariate and multivariate Cox regression analyses for overall survival.

Univariate analysis

Multivariate analysis

Variable HR (95% ClI) pP HR (95% Cl) P
Age (<60 vs. > 60) 1.341 (0.522-1.892) 0.371 - -
Tumor size (< 3 vs. > 3) 1.763 (0.894-2.239) 0.129 - -
Histologic type (squamous cell vs. adenoma)  1.523 (0.781-1.994) 0.291 - -
Differentiation (grade) (1/2 vs. 3) 2.521 (1.223-4.239) 0.018 2.198 (1.033-3.781) 0.021

Lymph nodes metastasis (no vs. yes) 3.132 (1.871-5.441) 0.008 2.761 (1.483-4.356)  0.011
FIGO Stage (Ib-Ila vs. IIb-I1Ia) 3.872 (1.772-6.821) 0.005 3.213 (1.482-5.661)  0.007
SASHI expression (low vs. high) 2.562 (1.569-4.239) 0.006 2.139 (1.228-3.519)  0.009
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thyroid cancer cells through PI3K/Akt signaling
pathway. For cervical cancer, a previous study
by Chen et al” indicated that overexpression of
SASHI suppressed cervical cancer cell prolife-
ration and invasion by suppressing the FAK pa-
thway. However, there are no reports on prognosis
value of SASH1 in cervical cancer.

In the present study, we found that SASH1
protein and mRNA were down-regulated in cer-
vical cancer tissues compared with these in ma-
tched normal tissues. This data was in line with
a previous study. Also, we found that decreased
SASHI1 expression in cervical cancer tissues was
significantly correlated with aggressive clinico-
pathological features. Furthermore, the Kaplan-
Meier analysis and log-rank tests showed that
patients with lower SASH1 expression levels had
dramatically shorter overall survival than that ob-
served in those with higher levels. Further, mul-
tivariate Cox analysis confirmed that low SASH1
expression was an independent poor prognostic
factor for long-term outcome in cervical cancer
patients.

Conclusions

Our study suggested that SASHI may be a
powerful marker to predict the prognosis of cer-
vical cancer patients. However, further studies are
required to elucidate underlying mechanisms.
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