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Abstract 

Pancreatic cancer (PC) is one of the most lethal diseases, characterized by early metastasis and high 
mortality. Subunits of the SWI/SNF complex have been identified in many studies as the regulators of 
tumor progression, but the role of SMARCAD1, one member of the SWI/SNF family, in pancreatic 
cancer has not been elucidated. Based on analysis of GEO database and immunohistochemical detection 
of patient-derived pancreatic cancer tissues, we found that SMARCAD1 is more highly expressed in 
pancreatic cancer tissues and that its expression level negatively correlates with patients’ survival time. 
With further investigation, it shows that SMARCAD1 promotes the proliferation, migration, invasion of 
pancreatic cancer cells. Mechanistically, we first demonstrate that SMARCAD1 induces EMT via activating 
Wnt/β-catenin signaling pathway in pancreatic cancer. Our results provide the role and potential 
mechanism of SMARCAD1 in pancreatic cancer, which may prove useful marker for diagnostic or 
therapeutic applications of PC disease. 
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Introduction 
Pancreatic cancer (PC) is the fourth leading cause 

of cancer–associated mortality in western countries 
and is predicted to be the second deadliest type of 
cancer in the year of 2030[1, 2]. PC is one of the cancer 
types with poorest prognosis, with low 5-year 
survival rate of 7.7% and a medium overall survival 
time of no more than one year [3]. Though many 
technologies and therapies have been applied to the 
diagnosis and treatment of pancreatic cancer, its death 
rate is still growing up by 0.3% a year [4]. There may 
be several reasons for this formidable situation. First, 
due to the lack of specific tumor markers and effective 
detecting tools, patients are diagnosed at advanced 
stages. Second, pancreatic cancer shows resistance to 
chemotherapy, radiotherapy and molecular targeted 
therapy. Furthermore, complex epigenetic changes 

pose a major challenge to the treatment of pancreatic 
cancer [5, 6]. 

Epithelial-Mesenchymal Transition (EMT) is a 
process that epithelial cells lose their junctions and 
gain mesenchymal traits, characterized by the 
downregulation of E-cadherin and upregulation of 
N-cadherin, vimentin, fibronectin and others [7, 8]. 
Numerous studies indicated that EMT plays a critical 
role in the progression and metastasis of pancreatic 
cancer [9-11]. Multiple signal pathways are involved 
in the regulation of EMT, among which the 
Wnt/β-catenin pathway is one of the typical impact 
factors [12, 13]. The canonical Wnt/β-catenin signal 
pathway has a crucial role in the development of 
pancreatic cancer [14]. Once Wnt ligands bind to their 
member receptors, the Wnt signal pathway would be 
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triggered, along with the nuclear transposition of 
β-catenin. In the nuclei, β-catenin combines with the 
TCF/LEF transcription factors to co-activate a series 
of target genes including EMT markers [15, 16]. 

SWI/SNF was first described in yeast because of 
its critical role in responding to the mating type 
SWItch (SWI) and sucrose fermentation (SNF) [17, 18]. 
It is a large complex composed of more than 15 
subunits, including SMARCA2, SMARCA4, 
SMARCAB1, SMARCAD1 etc., which are essential for 
regulating gene expression in mammalians [19]. 
SWI/SNF subunits are closely related to human 
diseases, especially cancer [20]. They have been found 
to mutate in nearly 20% of human tumors [21]. 
Among these, SMARCA2 and SMARCA4, two 
ATPase of SWI/SNF complex, were frequently linked 
to malignant cancer, e.g. pancreatic cancer. Recent 
study showed that SMARCA2 (BRM) promote growth 
but inhibit chemosensitivity of pancreatic cancer cells 
in vitro and vivo [22]. A series of investigations have 
confirmed that SMARCA4 (Brg1) promote 
differentiation, growth and chemosensitivity of PC, as 
well as inducing EMT-like phenotype [23-25].  

SMARCAD1 is a chromatin remodeling ATPase 
of SNF2 helicase superfamily [26], which is similar to 
SMARCA2 and SMARCA4. SMARCAD1 contains an 
ATP-binding motif, two DEAD/H boxes and a CUE1 
domain, which is required for the localization to 
nucleus [27, 28]. It plays a significant role in the 
maintenance of chromatin stability, most notably in 
DNA double-strand breaks (DSB) repair [29]. Loss of 
SMARCAD1 impairs the recombination of DSB and 
results in accumulation of acetylated histones [30-34]. 
In addition, SMARCAD1 can also bind to chromatin 
and DNA, affecting gene expression. Depletion of 
SMARCAD1 leads to an open chromatin conformation 
in normally transcriptionally repressed regions [28]. 
The gene coding for SMARCAD1 is mapped to 
human chromosome 4q22-q23, a region that is 
involved in several human diseases due to break 
points and deletion mutants of genes [27], which may 
indicate its biological importance. SMARCAD1 is 
expressed throughout the development, but its 
expression level is significantly higher in embryonal, 
mammary, and lymphoid tumors [35]. It was 
predicted to be associated with some human diseases, 
such as skin cancer susceptibility [36], Basan 
syndrome [37], bladder cancer [38] and breast cancer 
[39]. But the precise role of SMARCAD1 in PC and the 
underlying mechanism have not yet been explored. 

In this study, we found by analyzing the GEO 
database and pancreatic cancer tissue chips that 
SMARCAD1 is upregulated in pancreatic cancer 
tissues and correlates with tumor progression. We 
investigated the role of SMARCAD1 in the 

proliferation, migration, invasion in pancreatic cancer 
cells. Mechanistically, we first demonstrate that 
SMARCAD1 induces EMT via activating 
Wnt/β-catenin signaling pathway in pancreatic 
cancer cell.  

Results 
SMARCAD1 is highly expressed in pancreatic 
cancer tissues 

To determine the main members of SWI/SNF 
family`s expression level in pancreatic cancer tissues, 
we examined the open Gene Expression Omnibus 
(GEO) database and excavated the data from three 
mRNA expression profile datasets (GSE 16515, GSE 
11838, GSE 15471). Through analyzing differences in 
gene expression between pancreatic cancer and 
adjacent tissues in these date sets, we found that the 
expression of SMARCA2 or SMARCA4 in pancreatic 
cancer tissues has changed only in one or two data 
sets (Fig. S1). However, the expression of SMARCAD1 
in pancreatic cancer tissues was increased consistently 
in all the three data sets (Fig. 1). As gene mutations or 
amplification can lead to changes in gene expression, 
we queried cBioPortal data platform to check the 
mutation status and amplification of SMARCAD1 in 
pancreatic cancer. The mutation rate of SMARCAD1 
in pancreatic cancer was found to be less than 0.5% 
(Fig. S2). But the amplification frequency was higher 
than 2.5%, which may contribute to the upregulation 
of SMARCAD1 in pancreatic cancer (Fig. S2). To 
further characterize the role of SMARCAD1 in 
pancreatic cancer, we examined SMARCAD1 protein 
expression by immunohistochemistry in 69 PC tissues 
and 68 adjacent normal pancreatic tissues. Comparing 
the SMARCAD1 H-scores in the cancer tissue and the 
normal tissue from 69 pancreatic cancer patients, we 
found that SMARCAD1 protein levels were much 
higher in pancreatic cancer tissues (P<0.01) (Fig. 1B, 
C). Kaplan-Meier survival analysis also revealed that 
patients with high level SMARCAD1 proteins in 
tumor displayed poorer metastasis-free survival than 
those with low levels SMARCAD1 proteins (P<0.05) 
(Fig. 1D). These data suggest that SMARCAD1 may 
be a potential regulator for the development and 
progression of pancreatic cancer. 

SMARCAD1 promotes proliferation of 
PANC-1 cells  

In order to investigate the correlation between 
SMARCAD1 expression and pancreatic cancer 
development, CCK8 and colony-forming assay were 
conducted in pancreatic cancer cell line PANC-1. First, 
we depleted the SMARCAD1 gene with shRNAs in 
PANC-1 cells, and the efficiency of SMARCAD1 
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knockdown was confirmed by western blot (Fig. 2A). 
Then viability of cells was measured by CCK8 assay, 
which showed that SMARCAD1 knockdown 
decreased the growth rate of PANC-1 (P<0.05) (Fig. 
2C). In addition, we analyzed cell-cycle distribution 
by using flow cytometry and discovered the slight 
accumulation of PC cells in G1 phase and reduction in 
S-phase following SMARCAD1 knockdown (Fig. S3). 
Above results were also proved by clone formation 
assay, in which SMARCAD1 knockdown reduced the 
number of clones by 70%, compared with control 
(P<0.01) (Fig. 2E). These data indicated that 

SMARCAD1 may play a positive role in controlling 
the proliferation of pancreatic cancer cell. 

To further confirm the effect of SMARCAD1 on 
the proliferation of PANC-1 cell line, 
SMARCAD1-lentivirus was constructed and the 
expression was validated by western blot (Fig. 2B). In 
keeping with the results from SMARCAD1 depletion, 
ectopic expression of SMARCAD1 increased viability 
of PANC-1 cells (P<0.01) (Fig. 2D). Moreover, 
colony-forming ability of PANC-1 cells with 
SMARCAD1 overexpression was almost 1.5 fold 
higher than that of the control (P<0.01) (Fig. 2F). 

 

 
Figure 1. The expression of SMARCAD1 is significantly higher in pancreatic cancer and positively correlated with poor prognosis. A. The mRNA expression level of SMARCAD1 
in pancreatic cancer is much higher than that of normal tissues from GSE16515, GSE11838 and GSE15471. B-C. Expression levels of SMARCAD1 by immunohistochemistry 
performed with tissue microarray of PC (n=69) and adjacent normal tissues (n=68). Representative images showed positive expression of SMARCAD1 in PC and negative 
expression in paired normal tissues, respectively. Scale bars=50μm. D. Kaplan-Meier analysis shows the correlation between SMARCAD1 expression and overall survival in 
patients. Patients with high SMARCAD1 expression had poorer overall survival than those with low expression. *p<.05, **p<.01. 
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Taken together, these results identified that 
SMARCAD1 serves as a critical regulator in 
controlling the proliferation of pancreatic cancer cell. 

SMARCAD1 enhances migration and invasion 
in PANC-1 cells  

To identify the function of SMARCAD1 on 
migration and invasion of pancreatic cancer, we 
performed wound-healing and transwell assay with 
PANC-1 cells, which showed that the motility of 
PANC-1 cells was affected by the expression level of 
SMARCAD1. Compared with the control cells, the 
cells with SMARCAD1 depletion presented a 
prominent reduction in wound formation capacity 
(P<0.01) (Fig. 3A). This inhibiting effect was also 
verified by transwell migration assay. The migration 

rate of the cells with SMARCAD1 depletion was much 
lower than that of the control cells (P<0.01) (Fig. 3C). 
In contrast with the results from SMARCAD1 
knockdown, overexpression of SMARCAD1 
significantly promoted ability of wound formation 
and migration in PANC-1 cells (P<0.01) (Fig. 3B, 3D). 

We further analyses the effects of SMARCAD1 
on metastatic ability of PANC-1 cells by invasion 
assay. Compared with the negative group, 
SMARCAD1 knockdown decreased cells’ invasion 
rate significantly (P<0.01) (Fig. 3E), while SMARCAD1 
overexpression increase the cells’ invasion ability 
(P<0.01) (Fig. 3F). Based on these findings, we could 
conclude that SMARCAD1 enhances the migration 
and invasion of pancreatic cancer cell. 

 

 
Figure 2. SMARCAD1 enhances proliferation of PANC-1 cells. A-B. The efficiency of SMARCAD1 knockdown (A) or overexpression (B) in PANC-1 cells was detected by 
western blotting. β-actin was used as an internal control. C-D. CCK8 assay was performed to determine the proliferation of PANC-1 cells with SMARCAD1 knockdown (C) or 
overexpression (D) at the indicated time points after plated. Cell viability was measured at 450nm. E-F. The effect of SMARCAD1 knockdown (E) or overexpression (F) on 
Colony-forming of PANC-1 cells was shown in the top panels. Number of foci was counted as shown in the bottom panels. All data were presented as mean ±SEM. *p<.05, 
**p<.01. 
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Figure 3. SMARCAD1 promotes migration and invasion of PANC-1 cells. A-B. Effect of SMARCAD1 knockdown (A) or SMARCAD1 overexpression (B) on cell migration was 
detected by wound healing at indicated time points after scratching. The wound healing was measured by ImageJ software. C-D. Motility ability of PANC-1 cells with SMARCAD1 
depletion (C) or overexpression (D) was assessed by transwell assay at 24h. Representative images of migration were photographed at 24h (Top panel). The number of migrated 
cells was counted from 5 randomly selected fields under microscope (Bottom panel). E-F. Invasion ability of PANC-1 cells with SMARCAD1 depletion (E) or overexpression (F) 
was assessed by transwell assay at 48h. Representative images of invasion were photographed at 48h (Top panel). The number of invaded cells was counted from 5 randomly 
selected fields under microscope (Bottom panel). Scale bars=150um. Data were presented as mean ±SEM. *p<.05, **p<.01. 
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Figure 4. SMARCAD1 induces EMT in PANC-1 cells. A-B. The morphology changes of PANC-1 cells: cells lose contact with each other with SMARCAD1 depletion (A) or gain 
more contact with SMARCAD1 overexpression (B), Scale bars=250μm. C-D. Changes in mRNA level of EMT relative markers were tested by Quantitative real-time PCR in 
SMARCAD1 knockdown (C) or overexpression (D) cells. The results were presented as mean ±SEM. All values were normalized to the level (=1) in NC or control cells. *p<.05, 
**p<.01. (D). E-F. The protein levels of EMT relative markers in SMARCAD1 knockdown (E) or overexpression (F) cells were assessed by western blotting. β-actin was used as 
an internal control. 

 

SMARCAD1 has no significant effect on 
sensitivity of PANC-1 cells to gemcitabine  

It has been proved that SMARCAD1 played an 
important role in the maintenance of chromatin 
stability [33, 34]. O'Donnell, P. H. et.al suggested that 
SMARCAD1 was associated with capecitabine/5-FU 
susceptibility [40]. Therefore, we attempted to 
investigate whether SMARCAD1 has an effect on the 
chemosensitivity of PANC-1 cells. We treated 
PANC-1 cells with different concentrations of 
gemcitabine for 48 hours. The results of CCK8 assay 
showed that knockdown of SMARCAD1 had little 
effect on the sensitivity of PANC-1 to gemcitabine 
(Fig. S4). Above result indicated that SMARCAD1 has 
no obvious effect on gemcitabine susceptibility of 
PANC-1 cells. 

SMARCAD1 regulates EMT in PANC-1 cells 
With SMARCAD1 depletion or ectopic 

expression, we observed significantly changes in cell 
morphology compared to that of the control cells (Fig. 
4A-B). The PANC-1 cells with SMARCAD1 
knockdown presented more characteristics of 
epithelium and gained more contacts with each other 
(Fig. 4A). However, with SMARCAD1 
overexpression, PANC-1 cells acquired more 
fibroblast-like mesenchymal traits: cells lost polarity, 
and the distribution is more dispersed (Fig. 4B). Those 
cell morphological changes were consistent with 
characteristics of Epithelial-Mesenchymal Transition 
(EMT). Given that EMT is associated with cell motility 
[7], we then examined whether EMT was responsible 
for SMARCAD1-mediated changes in migration and 
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invasion. E-cadherin, N-cadherin and Slug are 
recognized hallmarks which indicated the existence of 
EMT [8]. We next measured the expression of 
E-cadherin, N-cadherin and Slug in PANC-1 cells by 
using western blotting and Quantitative Real-Time 
PCR. The epithelial marker E-cadherin was 

upregulated significantly in SMARCAD1 knockdown 
cells, while the mesenchymal markers N-cadherin and 
Slug were downregulated (Fig. 4C, E). In addition, 
members of the matrix metalloproteinase family, 
MMP2 and MMP9, are closely related to cell invasion 
and migration [41]. Then we tested the expression 

changes of MMP2 and MMP9 in this 
study. Compared with the control 
group, SMARCAD1 knockdown lead 
to significantly reduction of MMP2 
and MMP9 (Fig. 4E). In contrast, 
overexpression the SMARCAD1 
resulted in the downregulation of 
E-cadherin, accompanied with 
upregulation of N-cadherin, Slug, 
MMP2 and MMP9 (Fig. 4D, 4F). Those 
findings validate the role of 
SMARCAD1 in EMT induction. 

SMARCAD1 regulates EMT by 
modulating Wnt/β-catenin 
pathway 

β-catenin is a core molecule of the 
Wnt/β-catenin signaling pathway, 
playing a significant role in tumori-
genesis [42]. In addition, elevated 
expression of β-catenin could induce 
epithelial-mesenchymal transition in 
most cases [43]. SMARCAD1 is known 
as a chromatin remodeler involving 
the regulation of gene expression [44]. 
To gain an insight into the mechanism 
by which SMARCAD1 mediated EMT, 
we examined the expression of 
β-catenin and its direct downstream 
molecules, including c-Myc, Cyclin D1 
and survivin [43, 45]. With 
SMARCAD1 knockdown, both mRNA 
and protein levels of β-catenin in 
PANC-1 cells were downregulated 
(Fig. 5A, 5C). Conversely, 
overexpression of SMARCAD1 led to 
the upregulation of β-catenin in 
mRNA and protein levels (Fig. 5B, 5D). 
These results indicate that 
SMARCAD1 regulates β-catenin 
expression at the transcriptional level, 
however, the more detailed 
mechanisms need to be further 
explored. Next, we assessed the 
expression of the downstream targets 
of β-catenin by using western blot. 
Upon SMARCAD1 knockdown, the 
expression of c-Myc, Cyclin D1 and 
survivin in PANC-1 cells was 

 

 
Figure 5. SMARCAD1-induced EMT was regulated by Wnt/beta-catenin signaling pathway. A-B. The mRNA 
level of β-catenin was detected by Quantitative real-time PCR in PANC-1 cells with SMARCAD1 knockdown 
(A) or overexpression (B) respectively. The data were presented as mean ±SEM. All values were normalized to 
the level (=1) in NC or control cells. *p<.05, **p<.01. C-D. β-catenin, cyclin-D1, c-Myc and survivin protein 
levels were assayed by western blotting in PANC-1 cells with SMARCAD1 knockdown (C) or overexpression 
(D) respectively. E. PANC-1 cells with SMARCAD1 depletion were treated with CHIR99021 (6μM/ml) for 24h. 
The protein levels of EMT markers and Wnt/β-catenin target genes (β-catenin, cyclin-D1, c-Myc and survivin) 
were detected by western blotting. β-actin was used as an internal control. 
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significantly reduced (Fig. 5C), which may be the 
reason for the change of cell cycle. In contrast, 
overexpression of SMARCAD1 enhanced the 
expression of these genes (Fig. 5D). To further confirm 
that SMARCAD1 regulated EMT through the 
Wnt/β-catenin pathway, we performed rescue 
experiment in PANC-1 cell line by using CHIR99021, 
an activator specific for Wnt/β-catenin pathway [45]. 
As shown in Fig. 5E, CHIR-99021 could rescue the 
suppression of genes caused by SMARCAD1 
knockdown. Together, these results suggest that 
SMARCAD1 regulates EMT by targeting the 
Wnt/β-catenin pathway. 

 

Table 1. The sequences of primers for Quantitative Real-Time 
PCR 

Gene names Primer Sequence 
β-actin-F 5’-GGCTGTATTCCCCTCCATCG-3 
β-actin-R 5’-CCAGTTGGTAACAATGCCATGT-3’ 
Slug-F 5’-GGGGAGAAGCCTTTTTCTTG-3’ 
Slug-R 5’-TCCTCATGTTTGTGCAGGAG-3’ 
β-catenin-F 5’-CATCTACACAGTTTGATGCTGCT-3’ 
β-catenin-R 5’-GCAGTTTTGTCAGTTCAGGGA-3’ 
E-cadherin-F 5’-GAGTGCCAACTGGACCATTCAGTA-3’ 
E-cadherin-R 5’-AGTCACCCACCTCTAAGGCCATC-3’ 
N-cadherin-F 5’-GTCAGCAGAAGTTGAAGAAATAGTG-3’ 
N-cadherin-R 5’-GCAAGTTGATTGGAGGGATG-3’ 

 

Discussion  
This study presented evidence for the role and 

mechanism of SMARCAD1 in the progression of 
pancreatic cancer cell’s migration and invasion for the 
first time. Through analysis of GEO database and 
pancreatic cancer tissue chip, we confirmed that 
SMARCAD1 expression was upregulated in 
pancreatic cancer and correlated with tumor 
progression. Furthermore, a series of functional 
assays demonstrated that SMARCAD1 induced EMT 
by regulating the transcription of β-catenin to 
facilitate distant metastasis of pancreatic cancer cell. 

The progression of tumor is a complex and 
multi–step process, in which genetic and epigenetic 
changes are the two most important factors leading to 
tumorigenesis [46, 47]. It has been identified that the 
SNF2 helicase superfamily are subjected to epigenetic 
alterations in human malignancies [19, 48, 49]. 
SMARCAD1 is a member of the SNF2 helicase 
superfamily, potentially involved in the soft tissue 
malignancies like leiomyosarcoma, hepatocellular 
carcinoma, and hematologic malignancies [27]. 
However, to date, there are few studies on the 
biological function and related mechanism of 
SMARCAD1 in cancers. A previous study showed 
that SMARCAD1 knockdown markedly reduces 
metastasis of breast cancer [39]. In present study, we 
observed that the expression level of SMARCAD1 

was significantly increased in pancreatic cancer. Our 
study also shows that the prognosis of patient with 
high expression of SMARCAD1 is poor. A variety of 
in vitro assays, including CCK8, clone formation, 
wound healing and transwell, have demonstrated that 
SMARCAD1 knockdown decreased malignancy of 
PANC-1 cells by inhibiting cell proliferation and 
metastasis. Consistently, ectopic expression of 
SMARCAD1 led to an increase in PANC-1 malignancy 
by promoting cells’ proliferation, migration and 
invasion. Therefore, we hypothesized that 
SMARCAD1 is an important factor during the 
progression of pancreatic cancer cell.  

EMT is a process in which epithelial cells escape 
from the structural constrains by altering cytoskeleton 
and cell types. The activation of EMT is considered to 
be the causative factor leading to metastasis cascade 
[50-53]. Andrew D. Rhim et al showed that EMT is 
associated with the metastasis of pancreatic cancer 
[11]. Thus, discovery of the essential mechanisms that 
induce EMT is crucial for the prevention and 
treatment for tumor invasion and migration. We 
found that decreased expression of SMARCAD1 led to 
upregulation of E-cadherin and downregulation of 
N-cadherin, slug, MMP2 and MMP9. In contrast, 
ectopic expression of SMARCAD1 upregulates 
N-cadherin, slug, MMP2 and MMP9, while 
downregulating E-cadherin. Those findings were also 
supported by morphological changes of PANC-1. The 
results show that SMARCAD1 induces EMT in 
PANC-1 cells. 

Among all the signaling pathways, 
Wnt/β-catenin pathway has a major function in EMT 
[45]. In this study, we confirmed that expression of 
β-catenin, c-Myc, cyclin D1 and survivin were 
enhanced or inhibited with SMARCAD1 knockdown 
and overexpression. Moreover, the expression 
changes of β-catenin and its downstream molecules 
caused by SMARCAD1 depletion can be rescued by 
CHIR99021, a Wnt/β-catenin pathway activator. 
These results demonstrated that SMARCAD1 
regulates Wnt/β-catenin signaling pathway in 
PANC-1 cells. To gain insights into the regulatory 
relationship between SMARCAD1 and Wnt pathway, 
we pay attention to the transcription changes of 
β-catenin, which is a sign of Wnt signaling pathway 
and critical for triggering EMT. By Real-Time PCR, we 
found that SMARCAD1 knockdown decreased 
mRNA level of β-catenin, while SMARCAD1 
overexpression increased it. SMARCAD1 is known as 
a subunit of SWI/SNF chromatin remodeling 
complex, which is famous for its function on 
maintaining chromatin structure and gene expression 
[54]. SWI/SNF complex make use of the energy 
provided by ATP to change the position of the 
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nucleosome, thereby adjusting chromatin architecture 
and ultimately regulating the gene transcription [55, 
56]. And fun30, a homologue of SMARCAD1 in 
Saccharomyces cerevisiae, has also been proved to 
bind chromatin and DNA directly [28, 57]. Thus we 
consider that SMARCAD1 may regulate the 
transcription level of β-catenin through its function of 
chromatin remodeling. Along with transcriptional 
alteration of β-catenin, the expression of c-Myc, cyclin 
D1, survivin and EMT markers were changed, which 
then lead to a shift in biological behavior of PANC-1 
cells. However, the more detailed mechanisms still 
need to be further explored in the future.  

In conclusion, this study demonstrated that 
SMARCAD1 plays a significant effect in the survival 
and distant metastasis of pancreatic cancer cell. 
SMARCAD1 activates Wnt/β-catenin signaling 
pathway by altering the expression of β-catenin. 
Activated Wnt signaling pathway induces EMT and 
promotes cancer metastasis. 

Methods and material 
Bioinformatics analysis 

We first searched for data sets containing 
pancreatic cancer and normal tissues in the GEO 
database, excluding the data that had been treated 
with chemotherapy or radiotherapy. In order to 
increase the credibility of the statistical results, we 
have abandoned data with less than 50 overall 
samples or less than 20 cancer samples. Finally, we 
got three data sets (GSE16515, GSE11838, and 
GSE15471), which contain 36 tumor samples and 16 
normal samples, 28 tumor samples and 79 normal 
samples, 39 pairs of tumor and normal samples 
respectively. All the data were analyzed by GraphPad 
prism 6 software. 

Cell line and cultures 
Human pancreatic cancer cell line PANC-1 and 

Human embryonic kidney epithelial cell line 293T 
were cultured in DMEM (Gibco company), 
supplemented with 10% fetal bovine serum (FBS), 
100U/mL Penicilin, 100µg/mL Streptomycin and 
2mM L-Glutamine. Cells were cultured in a 37˚C 
incubator containing 95% O2 and 5% CO2. 

Human tissue microarray 
Tissue microarray that contains 69 primary 

pancreatic cancers and 68 adjacent normal pancreatic 
tissues were purchased from Shanghai Xinchao 
Company (Shanghai, China). No patients enrolled in 
the study had received preoperative treatment. The 
specimens were incubated with anti-SMARCAD1 
antibody (1:50), and staining results were observed 

with a Nikon ECLIPSETs2R microscope. 

Lentivirus infection for the construction of 
SMARCAD1-knockdown and over-expression 

Lentiviral constructs expressing SMARCAD1 
shRNAs and negative control were obtained from 
Sigma. The sequences of target shRNAs were as 
follows:  

Sh1 5’-CCAGCACCTTATGACAATTAA-3’. 
Sh2 5’-GCCTTATTTGACAATGCTTAT-3’. 
Lentivirus was produced in 293T cells using the 

transfection reagent (QIAGEN) following the 
manufacturer’s instructions. Supernatant containing 
virus was collected after 48h transfection. PANC-1 
cells were infected with collected virus containing 
polybrene (10µg/ml), followed by selection with 
puromycin. 

For over-expression of SMARCAD1, 
pLX304-V5-Blast was constructed and used. PANC-1 
cells are transfected at the confluence between 30% 
and 50% and were selected with Blasticidin S 
(10µg/mL) after 48 hours of transfection.  

Western blotting  
Proteins were lysed by lysis buffer (20mM Tris, 

pH 7, 0.5% NP-40, 250mM NaCl, 3mM EDTA, 3mM 
EGTA, 2mM DTT, 0.5mM PMSF, 20mM β-glycerol 
phosphate, 1mM sodium vanadate, and 1 mg/mL of 
leupeptin). Anti-bodies used are as follows: 

Anti-SMARCAD1 (CST, 12458), anti-β-actin 
(Transgen Biotech, Hc201), anti-E-cadherin (CST, 
14472), anti-N-cadherin (BD, 610920), anti-slug (CST, 
9585), anti-β-catenin (CST, 9562),anti-MMP9 (CST, 
2270), anti-MMP2 (ABclonal, A6247), anti-c-Myc 
(CST, 9402), anti-Cyclin D1 (CST, 2978), anti-survivin 
(Sigma, ab8228). 

RNA extraction and Quantitative real-time 
PCR 

RNA samples were extracted with TRIzol 
reagent (9018; Takara) and reversed by PrimeScript 
RTreagent Kit with gDNA Eraser (RR037A, 
TAKARA). Genes of interest were detected using 
SYBR Green Master Mix Reagent (11201ES03, Yeasen) 
using Roche Light Cycler480 Real-Time PCR detector. 
All reagents were used accordingly to the 
manufacturers’ instructions.  

Cell viability assay 
Cells (3×103 per well) were planted in 96-well 

plates. The viability of cell was measured at 0h, 24h, 
48h, 72h, 96h by CCK8 (DOJINDO,CK04) assay at 
450nm.  

Clone formation assay 
About two or three thousand cells were seeded 
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in 60mm dish. After culturing 10-14 days, clones (≥50 
cells/clone) were counted using Nikon ECLIPSETs2R 
microscope. 

Wound healing assay 
Scratch was made by 200ul pipette tip when the 

cell confluence grown to 90%. Then cells were 
incubated without FBS for three days. Gap size was 
measured at indicated time points respectively. 

Transwell migration and invasion assays 
The transwell filter chambers were pre-coated by 

with or without matrigel (BD Bioscience). 200ul cell 
suspension (5×104 cells) were seeded into the upper 
chamber, while the lower chamber was filled with 
600ul medium containing 10%FBS. After 24-48h 
incubation, cells invaded the lower chamber were 
fixed and stained with 0.1% crystal violet. 

Statistics 
The t-test was used to determine statistical 

significance, and the measurement data was shown as 
the mean ± standard deviation. The results were 
considered statistically significant while P<0.05. 

Supplementary Material  
Supplementary figures.  
http://www.ijbs.com/v15p0636s1.pdf  
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