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BAF155 inhibits proliferation and  
migration by up-regulation of p16 and inactivation  
of PI3K/AKT and Wnt/β-catenin pathways in PC3 cells
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Abstract: Recent studies have established that BAF155 possess tumor-suppressor activity in human colorectal 
cancer SNUC2B and human ovarian carcinoma SKOV3 cells. However, the function of BAF155 in human prostate 
cancer PC3 cells has not been well analyzed. Therefore, the aim of our study was to examine the status of BAF155 
in PC3 cells, and explore the mechanism of BAF155 expression loss in PC3. Cell proliferation (MTT) assay, apopto-
sis assay and migration assay were respectively used to explore the viability, apoptosis and migration of PC3 cells. 
Quantitative reverse transcription-polymerase chain reaction (qRT-PCR) was performed to confirm the mRNA expres-
sion level of BAF155. Western blot analysis was performed to determine the protein expression levels of BAF155, 
p16, and key kinases involved in PI3K/AKT and Wnt/β-catenin pathways. We identified the BAF155 was completely 
lost in PC3 cells compared with normal cells. Compared with control, over-expression of exogenous BAF155 could 
inhibit proliferation and migration while promoting apoptosis of PC3 cells (P < 0.05), which could be restored to 
the normal level by silencing of exogenous BAF155. The further studies on protein expression implied that over-
expression of BAF155 markedly up-regulated the expression of p16 while down-regulating the expressions of key 
kinases involved in PI3K/AKT and Wnt/β-catenin pathways when compared with that in control (P < 0.05). The ef-
fects of BAF155 over-expression on proteins could be reversed by silencing of exogenous of BAF155. In conclusion, 
over-expression of BAF155 could inhibit proliferation and migration while inducing apoptosis of PC3 cells through 
up-regulating p16 and inactivating PI3K/Akt and Wnt/β-catenin pathways.

Keywords: BAF155, PC3 cells, p16, PI3K/Akt, Wnt/β-catenin

Introduction

As one of the most common malignant tumors, 
prostate cancer (CaP) is reported as the sixth 
leading cause of cancer-related mortality in 
men, accounting for 903,500 new diagnoses 
and 258,400 deaths every year all over the 
world. Moreover, the case fatality rate of CaP 
ranks second in all male’s cancers, only less 
than lung cancer. In china, the changes of living 
habits, diet and age structure make the inci-
dence rate of CaP become increasing year by 
year.

The yeast switch in mating type/sucrose non 
fermentation (SWI/SNF) complex with strong 
conservation in yeast, Drosophila and mam-
mals is first discovered in S. cerevisiae and 

made up of approximately 10-12 components 
[1]. The complex is an evolutionally conserved 
and ATP-dependent multiple-subunit chroma- 
tin remodeling complex. Previous studies have 
shown that the SWI/SNF complex plays an 
important role in various cell biology processes, 
such as cell cycle, tumor formation and apopto-
sis [2-4]. The core subunit of SWI/SNF (BRG1 or 
BRM) has the ATPase activity, which could 
change the nucleosome structure by the energy 
of ATP hydrolysis and thus to alter the accessi-
bility of DNA for the transcriptional factors, 
resulting in regulation of gene expression [5-7]. 
Some of the SWI/SNF complex subunits, includ-
ing ARID1A, BRG1/SMARCA4, SNF5/INI1 and 
PBRM, are tumor suppressor genes. The mech-
anism of cancer development involving the 
SWI/SNF complex remains unknown and 
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becomes a hot research area. In special, the 
cancer development induced by SWI/SNF loss 
may be related to DNA repair, transcription, cell 
cycle regulation and nucleosome positioning. 

BRG1-associated factor (BAF) 155, one mem-
ber of SWI/SNF complexes, is found in cyclin E 
complexes and is phosphorylated by cyclin 
E-associated kinase [8]. The BAF155 and 
BAF170 proteins are highly homologous and 
exist either as homodimers (BAF155/155 or 
BAF170/170) or as heterodimers (BAF155/170) 
through a leucine zipper motif in the cell [1]. 
BAF155 contains two highly conserved motifs 
that are found in chromatin associated pro-
teins. SWIRM (Swi3, Rsc8, and Moria), one 
domain of BAF155, is believed to adopt an 
α-helical structure and mediate specific pro-
tein-protein interaction [9]. The other motif, 
termed the SANT (Swi3, Ads2, N-coR, and 
TFIIIB) domain [10], is believed to function as a 
histone tail binding module [11]. The role of 
BAF155 in tumorigenesis remains unclear. 
Since the BAF155 is located on chromosome 
3p221.31, which contains some suspected 
tumor suppressor genes such as FUS1 and 
SEM3B, the loss of BAF155 might contribute  
to tumor development [12]. However, several 
researchers have found increased expression 
of BAF155 mRNA in prostate cancer, colorectal 
cancer and cervical intraepithelial neoplasia 
[13-16]. 

Recent research showed two carcinoma cell 
lines lacking BAF155 protein: human colorectal 
carcinoma SNUC2B cell line and human ovari-
an carcinoma SKOV3 cell line [17]. Therefore, 
loss expression of BAF155 might be implicated  
in tumor development. In the present study,  
we sought to evaluate the role of BAF155 in 
human CaP PC3 cells.

Materials and methods

Cell culture

PC3, SNUC2B and Hela cells were cultured in a 
5% CO2 incubator at 37°C with RPMI 1640 
medium supplemented with 10% fetal bovine 
serum (FBS) except SNUC2B, whose concen-
tration of FBS was 20%. All cell lines were origi-
nally obtained from American Type Culture 
Collection (ATCC, Manassas, VA, USA). The 
mycoplasma contamination of all the cells was 
tested to be negative before experiments.

Plasmids and small interfering RNA (siRNA) 
transfection

The over-expression vector of BAF155 (pc-
BAF155) was constructed by sub-cloning the 
full-length coding sequence of wild-type BAF- 
155 into pcDNA3.1 (+), and confirmed by 
sequencing. The empty pcDNA3.1 was trans-
fected into cells as a control. Specific siRNA 
against BAF155 (si-BAF155) was synthesized 
by GenePharma Co., Ltd. (Shanghai, China). 
Cell transfection was conducted using Lipofecta- 
mine 3000 reagent (Invitrogen, Carlsbad, CA, 
USA) following the manufacturer’s protocol. 
Stable transfection was generated under G418 
(Gibco, Paisley, UK) selection as described [18].

MTT assay

The cell viability was determined using a 3-(4, 
5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium 
bromide (MTT) colorimetric assay according to 
standard method described before [19]. Each 
experiment was performed three times.

Apoptosis assay

Apoptosis analysis was performed to identify 
and quantify the apoptotic cells by using 
Annexin V-FITC/PI apoptosis detection kit 
(Beijing Biosea Biotechnology, Beijing, China). 
The cells (100,000 cells/well) were seeded in  
a 6-well plate. Transfected cells were washed 
twice with cold PBS and resuspended in bind-
ing buffer. The adherent and floating cells were 
combined and treated according to the manu-
facturer’s instruction, followed by measure-
ment with flow cytometer (Beckman Coulter, 
Miami, FL, USA) to differentiate apoptotic cells 
(Annexin-V positive and PI-negative) from 
necrotic cells (Annexin-V and PI-positive). 

Migration assay

Cell migration was determined by using a modi-
fied two-chamber migration assay with a pore 
size of 8 μm. For migration assay, cells sus-
pended in 200 μl of serum-free medium were 
seeded on the upper compartment of 24-well 
Transwell culture chamber, and 600 μl of com-
plete medium was added to the lower compart-
ment. After incubation for 12 h at 37°C, cells 
were fixed with methanol. Non-traversed cells 
were carefully removed from the upper surface 
of the filter with a cotton swab. Traversed cells 
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on the lower side of the filter were stained with 
crystal violet and counted.

qRT-PCR

Total RNA was isolated from transfected cells 
by using TRIzol reagent (Invitrogen, Carlsbad, 
CA, USA) and DNaseI (Promega, Madison, WI, 
USA). Reverse transcription was performed by 
using the Multiscribe RT kit (Applied Biosystems, 
Foster City, CA, USA) and random hexamers or 
oligo (dT). The reverse transcription conditions 
were 10 min at 25°C, 30 min at 48°C, and a 
final step of 5 min at 95°C. The sequences of 
the primers were as follows, BAF155 forward 
primer: 5’-TCC AAT CTG TGC TGC CCA TC-3’, 
reverse primer: 5’-GAT GCT TCT AGG GGT GAG 
CC-3’. GAPDH forward primer: 5’-GCA CCG TCA 
AGG CTG AGA AC-3’, reverse primer: 5’-TGG TGA 
AGA CGC CAG TGG A-3’.

Western blot analysis 

The protein used for Western blotting was 
extracted using RIPA lysis buffer (Beyotime 
Biotechnology, Shanghai, China) supplemented 
with protease inhibitors (Roche, Guangzhou, 
China). The proteins were quantified using the 
BCATM Protein Assay Kit (Pierce, Appleton, WI, 
USA). The Western blot system was established 
using a Bio-Rad Bis-Tris Gel system according 
to the manufacturer’s instructions. Primary 
antibodies against BAF155 (ab126180), BRG1 
(ab110641), p16 antibody (ab51243), Wnt3a 
(ab28472), Wnt5a (ab72583), β-catenin (ab- 
16051) phosphatidylinositol-3-kinase (PI3K, 
ab189403), phosphorylated PI3K (p-PI3K, 
ab182651) (all from Abcam, Cambridge, UK), 
AKT (9272), phosphorylated AKT (p-AKT, 4060) 
(both from Cell Signaling Technology, Beverly, 
MA, USA) and GAPDH (G9545, Sigma, St Louis, 
MO, USA) were incubated with the polyvinyli-
dene difluoride (PVDF) membrane at 4°C over-
night, followed by wash and incubation with 

secondary antibodies marked by horseradish 
peroxidase for 1 h at room temperature. After 
rinsing, the PVDF membrane carried blots and 
antibodies were transferred into the Bio-Rad 
ChemiDocTM XRS system, and then 200 μl 
Immobilon Western Chemiluminescent HRP 
Substrate (Millipore, Billerica, MA, USA) was 
added to cover the membrane surface. The sig-
nals were captured and the intensity of the 
bands was quantified using Image LabTM 
Software (Bio-Rad, Shanghai, China).

Statistical analysis

All experiments were repeated three times. The 
results of multiple experiments are presented 
as the mean ± SD. Statistical analyses were 
performed using Graphpad statistical software. 
The P-values were calculated using a one-way 
analysis of variance (ANOVA). A P-value of < 
0.05 was considered to indicate a statistically 
significant result.

Results

The expression of BAF155 is lost in PC3 cells 

As shown in Figure 1, the expression of BAF155 
was lost in PC3 and SNUC2B cells. The expres-
sion of BRG1 in SNUC2B cells was almost triple 
of that in Hela cells, however, there was nearly 
no difference between PC3 and Hela cells. 

The expression level of BAF155 after transfec-
tion 

As shown in Figure 2, the mRNA and protein 
expression level of BAF155 were both signifi-
cantly increased in cells transfected with pc-
BAF155 compared with that of control group (P 
< 0.05). The increase of BAF155 was reversed 
by additional transfection of si-BAF155, result-
ing in marked decrease of BAF155 expression 
compared with cells transfected with pc-
BAF155 alone (P < 0.01). 

BAF155 inhibits the proliferation of PC3 cells

As shown in Figure 3, the cell viability of BAF- 
155 over-expressed cells was inhibited com-
pared with that in control group. However, PC3 
cell proliferation was restored to the normal 
level by knockdown of BAF155.

BAF155 promotes the apoptosis of PC3 cells

As shown in Figure 4, the cell apoptosis of 
BAF155 over-expressed cells was significantly 
increased compared with that in control group 
(P < 0.01). However, the apoptosis of cells co-

Figure 1. The expression of BAF155 is lost in PC3 
cells. Hela cells and SNUC2B cells were positive con-
trol group and negative control group, respectively. 
The expression of BAF155 was determined by West-
ern blot analysis. BAF, BRG1-associated factor. 
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transfected with pc-BAF155 and si-BAF155 
was significantly decreased compared with that 
in cells transfected with pc-BAF155 alone (P < 
0.05).

BAF155 inhibits PC3 cell migration

As shown in Figure 5, over-expressed BAF155 
significantly inhibited PC3 cell migration com-

pared with that in control group (P < 0.05). 
However, the increased cell migration was re- 
versed by additional transfection of si-BAF155, 
resulting in no obvious difference compared 
with control group.

BAF155 over-expression up-regulated the 
expression level of p16 while down-regulating 
the expression levels of key kinases involving 
in PI3K/AKT and Wnt/β-catenin pathways 

As shown in Figure 6, the p16 expression of 
cells transfected with pc-BAF155 was signifi-
cantly increased compared with that in control 
group (P < 0.05). Over-expressed BAF155 could 
significantly decrease the expression levels of 
p/t-PI3K, p/t-AKT, Wnt3a, β-catenin and Wnt5a 
when compared to control group (P < 0.05). 
However, these proteins were restored to the 
normal level by additional transfection of 
si-BAF155.

Discussion

The SWI/SNF complex is one of several chro-
matin-remodeling complexes and consists  
of BRG1 (SMARCA4)/BRM (SMARCA2), INI1 
(SMARCB1, BAF47, SNF5), BAF155 (SMARCC1), 
BAF170 (SMARCC2), BAF180 (PBRM1), and 
BAF250A (ARID1A) subunits [20, 21]. The SWI/
SNF complex is critical for growth control and 
cancer development, and complete loss of a 
SWI/SNF subunit can promote cancer forma-
tion. Loss of INI1 expression has been 
described in pediatric renal and extrarenal 
malignant rhabdoid tumors, atypical teratoid/
rhabdoid tumors of the central nervous system, 
epithelioid sarcoma and renal medullary carci-
noma [22, 23]. More recently, mutations of 
BAF180 were identified accounting for 41% of 
renal cell carcinomas (RCCs), making BAF180 
the second most common cancer gene in clear 
cell RCCs. The ARID1A subunit of SWI/SNF 
complexes was recently found to be mutated 
specifically in 50% of ovarian clear cell carcino-
mas and 30% of endometrioid carcinomas  
[24, 25]. A recent research demonstrated that 
ARID1A expression at both protein and mRNA 
levels was decreased and was also found to be 
correlated with high tumor stage and nuclear 
grade in clear cell RCC [26]. BRG1 mutations 
and expression loss have been found in prima-
ry lung cancers [27]. BRM has been found to be 
inactivated in 10-20% of solid tumor types [26, 
28-31], including breast, lung, colon, bladder, 
ovarian, prostate, gastric, renal epithelial and 

Figure 2. The expression level of BAF155 after trans-
fection. Cells were respectively transfected with 
pcDNA3.1, pc-BAF155 and pc-BAF155 + si-BAF155. 
The expression of BAF155 was determined by West-
ern blot analysis. Data present as mean ± SD. *P < 
0.05; ##P < 0.01. BAF, BRG1-associated factor; si-
BAF155, small interfering RNA against BAF155. *in-
dicates significant difference compared with control 
group; #indicates significant difference compared 
with cells transfected with pc-BAF155 alone.

Figure 3. Over-expression of exogenous BAF155 in-
hibited the PC3 cell proliferation while the PC3 cell 
proliferation was restored to the normal level by 
knockdown of BAF155. The cell viability was deter-
mined by MTT assay. BAF, BRG1-associated factor; 
si-BAF155, small interfering RNA against BAF155.
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head tumors, suggesting that BRM is involved 
in human cancer. Moreover, BAF155, a key 
SWI/SNF complex subunit, has been found to 
lost expression in SNUC2B and SKOV3 cells 
[17]. In the present study, the expressions of 
BAF155 in PC3 and SNUC2B cells were also 
lost.

In the present study, we demonstrated that 
exogenous BAF155 could inhibit the prolifera-
tion and migration of PC3 cells while promoting 
the apoptosis of PC3 cells. The results indicat-

ed that exogenous BAF155 led to substantial 
inhibition of colony forming ability. These data 
showed a vital role of BAF155 in the control of 
neoplastic PC3 cells. These results consisted 
with DelBove et al [17], which attributed the  
pivotal role of BAF155 in cancer control to the 
proline/glutamine rich domain or leucine zipper 
of BAF155, since the transfection with Δ2 
mutant lacking these domains could inactivat-
ed its ability to suppress growth in the neoplas-
tic cell lines.

BAF155, the third core member of the SWI/SNF 
complex, possesses tumor suppressive capa-
bilities related to cell cycle control. All core 
members of SWI/SNF complex are required for 
the basic task of remodeling nucleosomes, but 
the necessity for their presence in specific 
tumor suppressive functions varies. A recent 
research demonstrated that increased expres-
sion of BAF170 could substitute for the loss of 
BAF155 [32]. However, re-expression of any 
one of the core members could induce growth 
arrest via senescence, a key characteristic of 
many tumor suppressors.

First detected in 1994, p16 was closely associ-
ated with tumorigenesis of multiple tumors, 
thus is also called multiple tumor suppressor 
gene 1 (MTS1). p16 is a strong suppressive fac-
tor of CDK4 and plays negative feedback regu-
lation in G1 phase. The function loss of p16 
could lead to excessive proliferation, which 
contributes to tumorigenesis and progression 
of tumor. p16 gene acts as a tumor suppre- 
ssor gene in many kinds of carcinomas. Down-
regulation of p16 caused by gene aberrations 
such as gene mutation, deletion and promoter 
methylation, is related to carcinogenesis. It has 
been shown that low expression of p16 protein 
caused by mutation or loss of heterozygosity 
probably involves in tumorigenesis of primary 
lung carcinoma [33]. In the present study, we 
found that over-expression of exogenous 
BAF155 could up-regulate the expression of 
p16 in PC3 cells, indicating that BAF155 could 
inhibit the proliferation of PC3 cells.

Diverse processes are regulated by PI3K/Akt 
signaling pathway, including growth, survival 
and cell-cell communication. The PI3K pathway 
is an important intracellular mediator of surviv-
al signals stemming from trophic factors [34, 
35]. PI3K is recruited and activated by cell sur-
face receptors for peptide growth factors and 

Figure 4. Over-expression of exogenous BAF155 
increased the apoptosis of PC3 cells while the in-
crease was reversed by knockdown of BAF155. The 
cell apoptosis was determined by flow cytometer. 
Data present as mean ± SD. *P < 0.05; ##P < 0.01. 
BAF, BRG1-associated factor; si-BAF155, small inter-
fering RNA against BAF155. *indicates significant 
difference compared with control group; #indicates 
significant difference compared with cells transfect-
ed with pc-BAF155 alone. 

Figure 5. Over-expression of exogenous BAF155 in-
hibited the PC3 cell migration while PC3 cell migra-
tion was restored to the normal level by knockdown 
of BAF155. The cell migration was determined by the 
migration assay. Data present as mean ± SD. *P < 
0.05. BAF, BRG1-associated factor; si-BAF155, small 
interfering RNA against BAF155. 
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cytokines thus making exogenous peptide 
growth factors can directly activate intracellu-
lar cell survival pathways. Abnormal PI3K/Akt 
activity has been linked to the formation of 
tumors and metastasis including breast cancer 
[36], leukemia [37], melanomas [38] and lung 
cancer [39]. It has been shown that the PI3K/
Akt pathway is a dominant growth factor-acti-
vated cell survival pathway in human LNCaP 
cells [40]. In the present study, we found over-
expression of exogenous BAF155 could down-
regulate PI3K pathway thus inhibiting PC3 cell 
proliferation. 

Wnt signaling pathway is highly conservative in 
biological evolution. It not only determines the 
cell growth and differentiation, but also regulat-
ing the differentiation of important organs such 
as cardiovascular and central nervous. Wnt sig-
nal pathway directly controls the cell polariza-
tion, proliferation, differentiation and apopto-
sis. The disorder of Wnt signaling pathway has 
been linked to a variety of human tumors 
including esophagus cancer [41], colorectal 
cancer [42], breast cancer [43], and hepatocel-
lular [44]. Accumulation of Intracellular protein 
β-catenin leads to Wnt signaling disorder. 
Meantime, free β-catenin can enter the nucle-
us and regulates downstream gene expression, 
resulting in promotion of tumorigenesis. In the 
present study, we found that the effect of 
BAF155 on Wnt signaling pathway was consis-
tent to the results of PI3K/Akt pathway.

This paper has preliminarily studied the mecha-
nism for inhibiting the proliferation and migra-
tion of PC3 cells by BAF155. In addition, the 
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