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Introduction

Gastric cancer (GC) is one of the most prevalent cancers in 
China and approximately half of GC patients are diagnosed 
at an advanced stage (1,2). However, distant metastasis (liver, 
peritoneal, lymph node metastasis and etc.) and recurrence 
after operation might be the main cause of death associated 
with GC (3,4). Clinical staging and histopathological 

criteria are the main methods to evaluate the prognosis 
of GC patients. The patients with advanced stage have 
poor prognosis under the active treatment (5). Therefore, 
identification of progression related molecules can help 
us find clues for accurate prognosis assessment, effective 
individualized treatment and improvement patient outcome.

WAS protein family member 3 (WASF3) is a member 
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of the Wiskott-Aldrich syndrome protein family (6), which 
can form a multiprotein complex linking actin and receptor 
kinases, including ABI2, HSPC300/BRICK1, and CYFIP1-
NCKAP1 proteins, etc. (7-11). Under stimulation of growth 
factors such as platelet-derived growth factor (PDGF), 
it can play a role in regulation of cell shape, motility and 
cytoskeletal organization through activating the Arp2/3 
complex of proteins (12). Previous study indicated WASF3 
levels are higher in advanced stage breast cancers compared 
to lower grade one and normal tissues (13). However, 
recently other studies have reported that WASF3 might 
play diverse roles in prostate cancer, non-small cell lung 
cancer, breast cancer and colorectal cancer (13-17).

Recent studies have showed that over-expression of 
WASF3 could increase the proliferation and movement 
of GC cells in vitro (18,19). However, little knowledge is 
known about the relationship between WASF3 expression 
and GC progression. In this study, we analysed WASF3 
expression in GC by immunohistochemistry (IHC) to 
evaluated its correlation with clinicopathological features, 
and furthermore explore its possible function through 
knocking out its expression in vitro.

Methods

Cell culture and small guide RNA (sgRNA) plasmids

GC cell line was obtained from the Cell Research Institute 
(Shanghai, China). All cells were maintained in Dulbecco’s 
Modified Eagle’s medium (DMEM) (GIBCO BRL, 
Carlsbad, CA, USA) with supplementing 10% fetal calf 
serum (FCS) (GIBICO, Carlsbad, CA, USA), and penicillin/
streptomycin in humidified atmosphere of 5% CO2 at 37 ℃. 
CRISPR/Cas9 plasmids for WASF3 sgRNA were: 5’-AGC 
TAT ACC TGT ATG GTG TC-3’ and 5’-GAG GCG 
GTG GCT TAT CAC TC-3’. Plasmids construction was 
performed as described (20).

Patient samples

One hundred and thirty-four GC patients were included 
in our study, which were diagnosed and underwent surgery 
in Peking University Cancer Hospital & Institute between 
2002 and 2007. Gastric tumours from each patient were 
formalin-fixed and paraffin-embedded. Postoperative 
follow-up was lasted at least 3 years for 134 GC patients. 
None of the patients received any preoperative treatment. 
The overall survival was calculated from the date of 

operation to that of patient death or the latest date of 
follow-up. In our 134 GC patients, the mean survival time 
is 36.6 months, and 67.9% (91/134) patients died during the 
whole follow-up periods.

IHC

GC tissue sections (4 µm) were baked at 80 ℃ for 2 hours, 
then dewaxed with xylene and rehydrated with graded 
alcohol washes. After performing antigen retrieval in a 
microwave, following to block endogenous peroxidase 
activity for 10 min with 3% hydrogen peroxide in 
methanol. Ten percent fetal bovine serum was used to 
block the non-specific binding for half an hour at 37 ℃. 
The sections were incubated with primary antibody (1:100, 
ab-110739, Abcam Inc., Cambridge, UK) at 4 ℃. For 
the negative controls, PBS was added instead of primary 
antibody. Immunostaining was detected with two-step 
diaminobenzidine visualization (Dako, Glostrup, Denmark). 
Histopathological sections were examined and scored by 
two independent pathologists who were blind with the 
clinical data of patients. The results of IHC were evaluated 
according to the degree of staining and the percentage of 
positive cells. According to the degree of staining, each 
section was defined as three points [1, 2, 3], with “1” light 
or slightly above background; “2” medium or significantly 
above background; “3” points for strong staining. According 
to the percentage of positive tumor cells, each section was 
classified by four groups [0, 1, 2, 3], with “0” less than 10%; 
“1” 11–30%; “2” 31–60% and “3” more than 61%.

Final score of each section was calculated by the formula: 
final score = chromaticity score + positive percentage score. 
The final score <2 is defined as negative(−); 2–3 as weak 
positive(+); 4–5 as medium positive(++) and >6 as strong 
positive(+++). In this study, WASF3 expression was either 
defined as low-expression group (− and +), or as high-
expression group (++ and +++).

Western-blot analysis

G C  c e l l s  w e r e  l y s e d  w i t h  R I PA  b u f f e r  ( P i e r c e 
Biotechnology, Rockford, IL, USA) with a protease 
inhibitor cocktail (Roche, Basel, Switzerland). The 
Western-blot was performed using standard procedures. 
Gel-separated proteins were transferred to 0.22 µm 
polyvinylidene difluoride (PVDF) membrane (Millipore, 
Billerica, MA, USA), then incubated in WASF3 antibody 
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(1:500, Abcam Inc., Cambridge, UK) at 4 ℃ overnight. 
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
antibody was used as an internal control. Immunoreactive 
bands were visualized with a chemiluminescence detection 
system (Pierce, Rockford, IL, USA).

Quantitative real-time polymerase chain reaction (qRT-PCR)

Total RNA of GC cells was extracted with Trizol reagent 
(Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer’s instructions, and cDNA was synthesized by 
the AMV cDNA Synthesis kit (Promega, Madison, WI, 
USA). The mRNA expression of WASF3 was detected by 
qRT-PCR. The primers of WASF3 were listed as follows: 
WASF3: 5’-TTC TAG CTC ACT GCT TTC AGG-
3’ (sense) and 5’-TGG CCT TCT CCA TTC ATT TT-
3’ (antisense). GAPDH: 5’-GAA GGT GAA GGT CGG 
AGT-3’ (antisense) and 5’-GAA GAT GGT GAT GGG 
ATT TC-3’ (antisense). The relative expression of WASF3 
was standardized with GAPDH expression levels. All 
reactions were performed in triplicate.

Cell proliferation assay

GC cells (4×103/well) were plated into 96-well pates 
for cell proliferation. Cell viability was detected using 
Cell Counting Kit-8 (CCK-8) assay according to the 
manufacture’s protocol (Dojindo Molecular Technologies, 
Beijing, China) and quantified at 4 days, respectively.

Boyden chamber assay

For cell migration and invasion assay, 4×104 cells/Transwell 
Inserts (Corning Incorporated, New York, NY, USA) were 
used without or with Matrigel (2 mg/mL, Becton Dickinson, 
San Jose, CA, USA). For the upper chamber, cells were 
suspended in serum-free medium. The bottom chamber 
was added with 700 µL complete medium containing 
10% FCS. Cells were allowed to migrate for 24 hours  
or invade for 48 hours, then remove cells of upper surface 
and the penetrated cells to the under surface were stained 
with cell stain solution for 20 minutes. Cell numbers 
were counted in four randomly selected fields per insert  
(with 200×).

Statistical analysis

Statistical analysis was carried out with SPSS software 

(version 16.0, SPSS Inc., Chicago, IL, USA). WASF3 
expression in GC tissues and their paired adjacent normal 
mucosa was calculated by paired two-tailed t-tests. Two-
tailed chi-square test and Fisher’s exact test was used 
to analyse the correlation between clinicopathological 
parameters and WASF3 expression. Survival curves were 
calculated with Kaplan-Meier method and the P value 
for survival was assessed by the log-rank test. The effect 
of different clinical factors on GC patient survival was 
performed by univariate and multivariate Cox proportional 
hazards regression models. The statistical analysis among 
two experimental groups of cells was calculated with 
Mann-Whitney test. P<0.05 was considered as statistical 
significance.

Results

WASF3 protein expression was higher in GC tissues than 
paired adjacent mucosa

For WASF3 protein expression, 134 primary GC samples 
(including 62 samples with paired adjacent normal mucosa) 
was analysed with IHC assay. As a result, the expression of 
WASF3 predominantly localized on cell membrane and in 
the cytoplasm (Figure 1A), and WASF3 expressed in most 
of the GC tissues but little in adjacent normal mucosa  
(Figure 1A). In addition the rate of WASF3 protein high 
expression in GC was much higher compared with its in 
adjacent normal mucosa [Chi-square test P<0.0001, 27.4% 
(17/62) vs. 4.8% (3/62)] (Figure 1B). These results suggested 
that WASF3 may correlate with tumorigenesis in GC.

High expression of WASF3 associated with poor 
differentiation and distant metastasis in GC

By IHC staining, the rate of WASF3 high expression was 
26.1% (35/134) in total of 134 GC cases. The relationship 
between WASF3 expression and clinicopathological 
parameters was shown in Table 1. Among these 134 patients, 
WASF3 high expression in tumour samples was found to 
be significantly correlated with tumour poor differentiation 
and distant metastasis (P=0.038 and 0.032, respectively) 
(Table 1) (Figure 1C,D). However, there is no statistical 
correlation between WASF3 protein expression and age, 
gender, depth of invasion, lymph node metastasis, vascular 
invasion, and TNM stage (Table 1). Our results suggested 
that WASF3 may associate with metastatic phenotype in 
GC cells.
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GC patient with WASF3 high expression predicted poor 
overall survival

Kaplan-Meier survival analysis demonstrated that patients 
with WASF3 high expression had a poorer prognosis than 
those with WASF3 low expression (P=0.044) (Figure 2A). 
There was the same tendency for the patients prognosis 
by survival analysis with WASF3 mRNA level (the probe 
number: 204042_at) from the open database using Kaplan-
Meire plotter in GC (http://kmplot.com/analysis/)  
(Figure 2B). Continually, we tested the clinical parameters 
to affect the survival of GC patients with and multivariate 
survival analysis. The univariate results displayed that TNM 
stage, lymphovascular invasion and WASF3 expression were 
statistically affected the survival of GC patient, respectively 
(P<0.001, P=0.034 and 0.047, respectively). Furthermore, 
the Cox multivariate model indicated that only TNM stage 
can independently predict GC patient overall survival 
(P<0.001) (Table 2). These data suggested that WASF3 high 
expression may predict poor survival of patients with GC.

WASF3 promoted metastatic ability in GC cell in vitro

We examined WASF3 expression by Western-blot assay and 
qRT-PCR in GC cell lines (MKN28, SGC7901, BGC823, 
and HGC27) and the non-malignant gastric epithelial cell 
line GES-1, respectively. Our results indicated that WASF3 
expression was significantly increased in the most of cancer 
cells, including SGC7901, BGC823, and HGC27 cells  
(Figure 3A). To study the role of WASF3 in GC, we chose two 
specific sgRNAs for WASF3 and transfected to SGC7901 and 
HGC27 cells to perform the gene knockdown experiments. As 
a result, the expression of WASF3 was successfully knocked-
down by two sgRNAs in both SGC7901 and HGC27 cells 
using Western-blot assay (Figure 3B). The knockdown of 
WASF3 did not affect the cell proliferation of SGC7901 
and HGC27 cells in vitro (Figure 3C). However, as shown 
in the Figure 4, the migration and invasion of SGC7901  
(Figure 4A,B) and HGC27 (Figure 4C,D) cells were 
significantly reduced in after knockdown of WASF3 by two 
different sgRNAs compared to its control cells (CRISPR V2). 

Figure 1 Differential expression level of WASF3 protein in gastric cancer. (A) Different staining of WASF3 in gastric cancer tissues 
by immunohistochemistry assay [scale bar: 200 µm; DAB (3,3’-diaminobenzidine)]; (B,C,D) proportion of WASF3 high expression in 
matched gastric cancer and adjacent normal mucosa(C, cancer; N, normal mucosa); in different differentiation and distant metastasis 
groups. *, P<0.05; ****, P<0.0001.
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Discussion

Metastasis of cancer plays a key role to result in the majority 
of cancer deaths. Improvement of surveillance of the 
metastatic has been developed. Interrupting and prevention 
of the metastatic process have been dedicated to study 
to improve the patient outcome. Many metastatic genes 

have been discovered either as a promoting or suppression 
function (21,22). This study demonstrates the WASF3 
expression status in GC and suggests that WASF3 might 
play an invasive role in GC. WASF3 is one of the metastatic 
genes and is reported to promote invasion and metastasis 
but not in proliferation in breast cancer. Our findings were 
consistent with these previous reports, demonstrating that 
WASF3 high expression can change the movement of the 
cancer cell and enhance their invasive ability both in GC 
patient clinical data and functional study.

Our results with IHC analysis indicated that WASF3 
expression was highly detected in GC tissues compared 
to their adjacent normal mucosa. Its expression was 
significantly related with poor differentiation and distant 
metastasis. But its protein expression pattern was conflict 
with those in WASF3 mRNA from Gene Expression 
Omnibus (GEO) database (GSE63089 and GSE13861, 
respectively, data was not shown) and TCGA database 
(data was not shown). These might attribute to the post-
transcriptional regulation of mRNA. Or the relative normal 
tissues might have possessed heterogeneity in molecular 
level other than protein level. Previous studies shown 
that WASF3 function can be regulated through different 
mechanisms: transcription suppression, inhibition of 
activation and reduced stabilization (23-25). Furthermore, 
patients with high WASF3 expression (in its mRNA and 
protein level) tended to have a much poorer survival rate, 
which is consistent with those in breast, but conflict with 
colorectal cancer (13,17). As we know WASF3 belongs 
to the WASP family (Wiskott-Aldrich family), which are 
involved in actin polymerization and lead to cell movement 
by interrupting actin cytoskeletal dynamics (6). Many 
molecules involved this process, such as: epidermal growth 
factor (HER2/HER3), MMP9, RAC, ZEB1, NCKAP1-
CYFIP1 and JAK-STAT, etc. (10,26-29). As these molecules 
could form immunocomplex with WASF3 and perform 
their different function in various cancer cells. WASF3 
might be an intermittent from signal stimulation to cell 
final movements. The final function of WASF3 may depend 
on the dominate signal pathway in various cancers.

Furthermore, we continue to calculate WASF3 expression 
with the survival of GC patient using univariate survival 
analysis and the Cox multivariate model, respectively. The 
univariate survival analysis indicated WASF3 expression 
could affect the survival of GC patients, but unfortunately, 
it was not an independent factor to predict the GC patient 
survival. The univariate analysis is just one predictor in 
the model and the multiple Cox regression has more than 

Table 1  Relat ionship  between WASF3 express ion and 
clinicopathological features in gastric cancer patients

Variables
Case  
No.

WASF3 expression

Low, n (%) High, n (%) P value

Age, years 0.082

≤65 32 27 (84.4) 5 (15.6)

>65 102 72 (70.6) 30 (29.4)

Gender 0.918

Male 89 66 (74.2) 23 (25.8)

Female 45 33 (73.3) 12 (26.7)

Differentiation 0.038*

Poor 64 42 (65.6) 22 (34.4)

Moderate & Well 70 57 (81.4) 13 (18.6)

Histological type 0.907

Adenocarcinoma 116 85 (73.3) 31 (26.7)

Others 18 14 (77.8) 4 (22.2)

T stage 0.202

T1+2 25 21 (84.0) 4 (16.0)

T2+3 109 78 (71.6) 31 (28.4)

Lymph node metastasis 0.980

No 27 20 (74.1) 7 (25.9)

Yes 107 79 (73.8) 28 (26.2)

Distant metastasis 0.032*

No 120 92 (76.7) 28 (23.3)

Yes 14 7 (50.0) 7 (50.0)

TNM stage 0.297

I + II 52 41 (78.8) 11 (21.2)

III + IV 82 58 (70.7) 24 (29.3)

Vascular invasion 0.543

No 71 54 (76.1) 17 (23.9)

Yes 63 45 (71.4) 18 (28.6)

*, analysed by Chi-square.
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Figure 2 Kaplan-Meier survival analysis indicated WASF3 as a poorer prognostic marker in gastric cancer. (A,B) Kaplan-Meier survival 
curves for overall-survival in WASF3 with low and high expression in our 134 cases of cohort, and internet database cohort of Kaplan-Meier 
plotter (http://kmplot.com/analysis). HR, hazard ratio.
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one predictor. Cox proportional hazards model, sometimes 
abbreviated to Cox model, calculates the biological 
interpretation of the proportional hazards assumption. 
When the variable is statistic significant in the Cox model, 
it is an independent risk factor. Thus, it is no wonder that 
a variable is statistic significant in univariate analysis, but 
not in the multiple Cox model. In the family of Wiskott-
Aldrich, WASF3 just showed its specific function in cell 

movement. It is an adapter protein to link many other 
different protein complexes. Both IL6 and HER2 could 
regulate level of WASF3 transcription through JAK2-STAT 
signalling pathway (26,29,30). In our present study, WASF3 
protein expression was frequently detected in GC cells 
compared with its matched adjacent noncancerous mucosa. 
High level of WASF3 expression was more frequently 
detected in patients with poor differentiation and distant 

Table 2 Univariate and multivariate Cox’s models for overall survival in gastric cancer patients

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Age, years 0.271 0.733

≤65 vs. >65 0.768 (0.480–1.229) 1.084 (0.681–1.726)

Gender 0.725 0.352

Male vs. female 1.082 (0.696–1.683) 1.247 (0.784–1.983)

TNM stage <0.001 <0.001

III + IV vs. I + II 2.803 (1.740–4.515) 2.562 (1.544–4.250)

Lymphovascular invasion 0.034 −

Yes vs. No 1.560 (1.033–2.355) −

WASF3 0.047 0.060

High vs. low 1.582 (1.006–2.487) 1.567 (0.981–2.503)

HR, hazard ratio; CI, confidence interval.
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Figure 3 Knockdown of WASF3 expression failed to affect cell proliferation in vitro. (A) WASF3 expression level in gastric cell lines 
detected with Western-blot assay and RT-PCR; (B) two different sgRNA targets inhibited WASF3 expression confirming with Western-blot 
assay; (C) cell growth curve determined by CCK8 assay.

metastasis in GC. It was also one of factors inducing poor 
survival in GC patients. All these results demonstrated that 
WASF3 might participate the progression of GC.

In the functional study of WASF3, we found WASF3 
involving the biological behaviours through affecting 
GC cell migration and invasion, but not in proliferation. 
Knockdown of the WASF3 with CRISPR technology 
using two different targets significantly suppressed cell 
movement ability. All these results are consistent with 
those in breast and prostate cancers. WASF3 might not be 
a cofactor in cell proliferation, so just regulated itself will 

not affect the proliferation signals (such as the MEK-ERK 
axis) (31). Previous reports indicated that WASF3 could 
downregulated KISS1 transcription level and loss of MMP9 
activity through affecting NFkB subunits (p65/p50) (28). 
Teng et al. recently reports indicated that WASF3 serves 
as the conduit from HER2/HER3 to signal invasion and 
metastasis (26). Following stimulation with cytokines or 
growth factors, WASF3 which interacts with many various 
molecules will be phosphorylation-activated and proceed 
its function through actin cytoskeleton in cancer cells 
(12,29,30,32). These studies suggested WASF3 could be 
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a target for cancer therapy and predict cancer metastasis. 
Therefore, a larger sample size clinical data in metastasis 
might be needed for further study.

Till now, there are only two reports for WASF3 in 
GC (18,19). One reports that miR-218 inhibits cell 
proliferation, migration and epithelial mesenchymal 
transformation (EMT) by targeting gene WASF3 (18), 
and gets the results that restoration of WASF3 expression 
in the miR-218 over-expression SGC7901 cells impairs 
miR-218-induced inhibition of proliferation, migration, 
and EMT in SGC7901 cells. In our study, we perform 

the knock-down expression of WASF3 in SGC7901 and 
HGC27 cells, and our data suggest that that knock-down 
of WASF3 inhibits the movement, but not the proliferation 
of GC cells. Since the miR-218 over-expression SGC7901 
cells are different from the wild type of SGC7901 cells, our 
result does not conflict with the previous study. The other 
reports that WASF3 promotes GC cell EMT by increasing 
Snail molecules (19), and draws the results that over-
expression of WASF3 in the SGC7901 cells promotes the 
cell proliferation and migration. Although, over-expression 
of WASF3 promotes cell proliferation of SGC7901 cells 

Figure 4 Knockdown of WASF3 expression inhibited cell migration and invasion. (A,B,C,D) Migration and invasion assay were analysed by 
Boyden chamber assay. All data were shown as mean ± SD of three independent experiments (scale bars: 50 µm; 1% crystal violet for 10 min 
at room temperature). *, P<0.05; **, P<0.01; ***, P<0.001. SD, standard deviation.
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in their study, we fail to find that knock-down of WASF3 
inhibits cell proliferation of SGC7901 cells in our study. In 
addition to gene expression, there are many other factors 
affect cell proliferation, including chemokines, hormone 
and growth factors and cytokine. Thus, it might attribute to 
the different cell culture condition.

In conclusion, we have demonstrated WASF3 protein 
expressed highly in cancer tissues and correlated with 
patient distant metastasis in GC. WASF3 might be a 
promising metastatic predictor together with some 
cytokines or growth factors during GC progression. 
However, these related studies should need us continue to 
explore. Our findings suggested that WASF3 might be a 
useful target for future treatment interrupting cancer cell 
progression.
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