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Abstract. under normal physiological condition, the mature 
vascular smooth muscle cells (VSmcs) show differentiated 
phenotype. in response to various environmental stimuluses, 
VSmcs convert from the differentiated phenotype to dedif-
ferentiated phenotype characterized by the increased ability 
of proliferation/migration and the reduction of contractile 
ability. the phenotypic transformation of VSmcs played 
an important role in atherosclerosis. Both Bcl-2-associated 
athanogene 3 (BaG3) and tumor necrosis factor-related apopt-
osis inducing ligand (trail) involved in apoptosis. the 
relationship between BaG3 and trail and their effects the 
proliferation and migration in VSmcs are rarely reported. 
this study investigated the effects of BaG3 on the pheno-
typic modulation and the potential underlying mechanisms 
in primary rat VSmcs. Primary rat VSmcs were extracted 
and cultured in vitro. cell proliferation was detected by cell 
counting, real-time cell analyzer (rtca) and edu incorpora-
tion. cell migration was detected by wound healing, transwell 
and rtca. BaG3 and trail were detected using real-time 
Pcr and western blotting and the secreted proteins in the 
cultured media by dot blot. the expression of BaG3 increased 
with continued passages in cultured primary VSmcs. BaG3 
promoted the proliferation and migration of primary rat 
VSmc in a time-dependent manner. BaG3 significantly 
increased the expression of trail while had no effects on 
its receptors. trail knockdown or blocking by neutralizing 
antibody inhibited the proliferation of VSmcs induced by 
BAG3. TRAIL knockdown exerted no obvious influence on 
the migration of VSmcs. Based on this study, we report for 

the first time that BAG3 was expressed in cultured primary rat 
VSmcs and the expression of BaG3 increased with continued 
passages. furthermore, BaG3 promoted the proliferation of 
VSmcs via increasing the expression of trail. in addition, 
we also demonstrated that BaG3 promoted the migration of 
VSmcs independent of trail upregulation.

Introduction

the formation of atherosclerotic plaque is the pathological 
basis of coronary heart disease (cHd), vascular complication 
of hypertension and restenosis after angioplasty or bypass (1). 
the phenotypic transition of vascular smooth muscle cells 
(VSmcs) plays an important role in the formation and develop-
ment of atherosclerosis (aS) (1). under normal physiological 
condition, the mature VSmcs show differentiated phenotype, 
and mainly perform contractile function and the proliferation 
and migration are inefficient (2). they can synthezise and 
express some contractile markers specific to smooth muscle, 
including α-Sma, Sm22α and α-Sm-actin (3). unlike most 
mature cells such as skeletal muscle cells and cardiomyo-
cytes, VSmcs are not terminally differentiated cells and have 
remarkable plasticity (2,4). VSmcs were able to convert from 
the differentiated phenotype to dedifferentiated phenotype 
which can ensure rapid adaptation to various environmental 
stimuli (4). the dedifferentiated phenotype was characterized 
by the increased ability of proliferation/migration and the reduc-
tion of contractile ability (5). though an increasing number of 
studies have reported various factors and mechanisms that may 
control VSmcs phenotype modulation, further efforts are still 
required to elucidate the detailed mechanism and biological 
importance of the phenotype modulation of VSmcs.

Bcl-2-associated athanogene 3 (BaG3) is a member of 
BaG family and plays an important role in diverse cellular 
behaviors including cell apoptosis, autophagy, proliferation, 
adhesion, migration and differentiation (6-9). accumulating 
evidence indicates that BaG3 is associated with various 
cardiovascular diseases such as myocardial hypertrophy, 
dilated cardiomyopathy, takotsubo cardiomyopathy and 
chronic heart failure (10-13). normal tissues seldom express 
BaG3, except for cardiomyocytes and skeletal muscle cells, 
but its expression is induced upon exposure to various stressful 
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stimuli (14). However, there is no previous investigation of 
BaG3 function in the phenotype modulation of VSmcs.

tumor necrosis factor-related apoptosis inducing ligand 
(trail), a member of tumor necrosis factor (tnf) family, 
belongs to type ii membrane protein (15). trail can 
interact with five different receptors, dr4 (trail-r1), 
dr45 (trail-r2), dcr1 (trail-r3), dcr2 (trail-r4), 
and oPG. after binding with death receptors dr4 and dr5, 
trail can trigger cell apoptosis. due to lack of the intracel-
lular death domain, dcr1 and dcr2 are considered as decoy 
receptors to protect normal cells from apoptosis. oPG can work 
in bone tissue metabolism (16-18). chiappetta et al reported 
that BaG3 could downmodulate the apoptotic response to 
trail in human neoplastic thyroid cells (19). However, the 
relationship between BaG3 and trail and their effects the 
proliferation and migration in VSmcs are rarely reported.

the present study analyzed BaG3 expression in VSmcs 
and investigated its role in the phenotypic transition of VSmcs. 
moreover, we determined whether BaG3 could promote the 
proliferation and migration of VSmcs via trail.

Materials and methods

Ethics statement. animals used in our study were treated in 
accordance with the national institutes of Health (niH) Guide 
for the care and use of laboratory animals. the procedures 
was in accordance with the ethical standards of the committee 
on animal experimentation of china medical university 
(project identification code, SCXK-2013-0001).

Materials. real-time Pcr system was purchased from 
applied Biosystems (foster city, ca, uSa). click-it 
nascent rna capture kit was purchased from invitrogen 
life technologies (carlsbad, ca, uSa). Western blot-
ting related equipment was purchased from invitrogen 
life technologies. edu alexa fluor 555 imaging kit was 
purchased from invitrogen life technologies™. the real-time 
cell analyzer (rtca) xcelligence system was purchased 
from acea Biosciences (San diego, ca, uSa). fluore-
scence microscope (CKX41-F32FL) was purchased from 
olympus (tokyo, japan). microchemi 4.2 was purchased 
from dnr Bio-imaging Systems, ltd. (jerusalem, israel). 
Smart Blotter SB-10 was purchased from Wealtech (reno, 
nV, uSa). transwell related equipment was purchased from 
Bd Biosciences (franklin lakes, nj, uSa). microplate reader 
was purchased from Bio-rad laboratories, inc. (Hercules, ca, 
uSa). antibodies for α-Sm-actin, BaG3, dcr1, dcr2, dr4, 
dr5, oPG and glyceraldehyde 3-phosphate dehydrogenase 
(GaPdH) were all purchased from Santa cruz Biotechnology, 
inc. (Santa cruz, ca, uSa). lentiviral vectors were purchased 
from Genechem (Shanghai, china).

Isolation and culture of primary VSMCs. neonatal rats 
1-2 days old were sacrificed by cervical dislocation and disin-
fected with 75% alcohol, then moved into the clean bench. the 
thoracic aorta was excised and the inner/outer layers of blood 
vessel were removed. and then primary neonatal rat VSmcs 
were isolated as previous described by us (20). VSmcs were 
cultured in complete medium including 10% fetal bovine serum 
(fBS) and penicillin-streptomycin (100 u/ml-100 µg/ml) 

at 37̊C, 5% CO2, and with humidified atmosphere as previ-
ously described (20,21). media were changed every other 
day. After primary cells reached 80-90% confluence, 0.25% 
trypsin was added into the culture plate for digestion. thirty 
seconds later, serum-containing medium was used to termi-
nate the digestion. Subsequently, a part of the cells were moved 
into a new culture dish. after attachment, cells were incubated 
with complete medium, which was passage 2 of VSmcs. With 
these methods, cells between passages 1-8 were obtained and 
applied for the next experiments.

Transduction of BAG3 and TRAIL to primary rat VSMCs 
using lentiviral vectors. the lentiviral plasmids labelled by 
green fluorescent protein (GFP) were used in the knockdown 
experiments, which contained short hairpin rna (shrna) 
against rat TRAIL or control shRNA. There were five shRNA 
oligonucleotides specific for rat TRAIL, i.e., TRAIL #1, 2, 
3, 4 and 5. furthermore, the lentiviral plasmids labelled by 
GfP containing BaG3 cdna were used in the overexpres-
sion experiments. transfection of shrna oligonucleotide 
was performed with lipofectamine 2000 (invitrogen life 
technologies) according to the manufacturer's recommenda-
tions. transduced cells were cultured for 2 days and then 
proteins were extracted and analyzed by western blotting.

Cell proliferation assay. cells were seeded into 6-well plates 
at a density of 1x104 cells/well and cultured with 10% fBS. 
the medium was changed every 2 days or as necessary. 
cell number at the indicated time-point was determined by 
counting using a haemocytometer.

Immunofluorescence. cells were fixed with 4% parafor-
maldehyde for 15 min at room temperature. after washed 
with phosphate-buffered saline (PBS) three times, cells were 
permeabilized with 0.25% triton x-100 in PBS for 5 min. 
After blocked with 1% BSA, cells were incubated with first 
antibody (1:200) in PBS overnight at 4̊C. After washed with 
PBS three times, cells were incubated with secondary antibody 
for 1 h in the dark. after washed with PBS three times, cells 
were incubated with 0.1% daPi for 5 min at room temperature. 
Finally cells were analyzed under a fluorescent microscope.

Western blotting. Western blotting was performed as our 
previous studies indicated (20,22). Briefly, cells were solu-
bilized in a lysis buffer for 30 min, and then total protein 
concentrations were measured by a Bca Protein assay kit. 
after heat denaturation, the samples were analyzed on a 12 
or 14% tris-glycine gradient gel, and then transferred to PVdf 
membranes and blocked with 5% non-fat milk in tris-buffered 
saline (tBS) for 1.5 h at the room temperature. the memb ranes 
were incubated with primary antibody overnight at 4̊C. After 
washing three times with tBS, the membranes were incubated 
with secondary antibodies for 1.5 h at room temperature. after 
washing steps, immunoreactive binding were detected with 
enhanced chemiluminescence (ecl) (amersham Biosciences, 
Piscataway, NJ, USA). The band intensity was quantified using 
imagej 1.47 software and GaPdH as a control.

Dot blot. the secreted proteins in the media were extracted and 
quantified similarly to those in western blotting. Then 100 µl 
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sample volume was blotted onto a nitrocellulose membrane 
and blocked with 5% non-fat milk for 1.5 h at the room 
temperature. Subsequently, the membranes were incubated 
with first antibody at 1:1,000 dilution overnight at 4̊C. After 
washing three times with tBS, the membranes were incubated 
with secondary antibodies for 1 h at room temperature. after 
washing three times with tBS, immunoreactive binding was 
detected with ecl detection reagent with microchemi 4.2.

MTT assay. mtt assay was used to determined cell viability. 
VSmcs were seeded in a 96-well plate at a density of 4x103 
cells/well. after cultured 48 h, cells were incubated with 
MTT solution (final concentration, 5 mg/ml) for 4 h at 37̊C. 
then the culture media containing mtt were removed 
and replaced with 100 µl dmSo. then the plate was gently 
rotated on a linear and orbital shaker for 5 min to completely 
dissolve the precipitation. the absorbance was measured 
with microplate reader at 570 nm. the percentage of cell 
viability was calculated according to the following formula: 
cell viability (%) = optical density (od) of the treatment 
group/od of the control group x100%.

RTCA proliferation assays. to analyze the cell proliferation 
continuously over time, growth curve assays were performed 
in rtca in quadruplicate with the xcelligence system 
according to the methods described (23). Briefly, 5,000 cells/
well were seeded in rtca e-plates. after the chambers were 
set up, the rtca e-plate was put into xcelligence instrument 
at 37̊C, 5% CO2 incubator and cell index was recorded every 
15 min. the shift of the electrical impedance was expressed as 
the cell index, which was a parameter of cell viability.

EdU incorporation analysis. as described by our previous 
studies (20,24) and the manufacturer's instructions, dna 
synthesis rate in VSmcs was determined by edu incorpora-
tion analysis using click-it™ edu alexa fluor 555 imaging 
kit. Briefly, the cells were incubated with EdU-labeling solu-
tion for 8 h at 37̊C, and then fixed with 4% cold formaldehyde 
for 30 min at room temperature. after permeabilization with 
1% triton x-100, the cells were reacted with click-it reac-
tion cocktails (invitrogen life technologies) for 30 min. 
Subsequently, the dna contents of the cells were stained 
with Hoechst 33342 for 30 min. finally, edu-labeled cells 
were counted using imagej 1.47 software and normalized to 
the total number of Hoechst-stained cells. at least 500 cells 
in each experiment were counted, edu-positive cells were 
expressed as a percentage of the total cells.

Wound healing assay. cells at 80-90% confluence were 
wounded with a 200 µl pipette tip and incubated with Sfm or 
cm for 24 h. multiple views of the leading edge of the scratch 
were photographed under a microscope at 0 and 24 h. the 
experiments were performed three times independently.

Transwell migration assay. for the transwell migration assay 
(8-µm pores; Bd Biosciences), cells were seeded at density 
of 2x106 cells in the upper chamber. the lower chamber was 
filled with SFM or CM. After cultured for 24 h, cells on the 
upper chamber were removed by gentle abrasion with a cotton 
bud, and the cells on the lower chamber were fixed and stained 

with Hoechst 33342. three experiments were performed 
independently. The cells that passed through the filter were 
photographed under fluorescence microscope with ultraviolet 
light. Hoechst-labeled cells in five representative microscopic 
fields were counted using ImageJ 1.47 software.

RNA extraction and real-time (RT)-PCR. the total rna was 
extracted by Qiagen rneasy mini kit (Qiagen, Berlin, 
Germany). after the determination of concentration, the 
synthesis of cdna was performed. With the primer design 
software we synthesized the sense and antisense primers of 
each fragment: trail sense primer, 5'-tcgtgatcttcacagtgctcc 
tgcagtc-3' and antisense primer, 5'-tctaacgagctgacggagttgcca 
cttg-3'; dcr1 sense primer, 5'-gattacaccaacgcttccaac-3' and 
antisense primer, 5'-gctggtgttcattgtctcttc-3'; dcr2 sense 
primer, 5'-ttcttgcctgctatgtacag-3' and antisense primer, 5'-agga 
tggtggtcactgtctc-3'; dr4 sense primer, 5'-gagtacatctaggtgcgtt 
cctgg-3' and antisense primer, 5'-agagccccacactttgctgg-3'; dr5 
sense primer, 5'-tagcactcactggaatgacc-3' and antisense primer, 
5'-gtggacacattcgatgtcac-3'; oPG sense primer, 5'-gcctaactggc 
ttagtgtcttg-3' and antisense primer, 5'-ccaatgtgccgctgcagctg-3'; 
GaPdH sense primer, 5'-cgtcccgtagacaaaatggt-3' and anti-
sense primer, 5'-ttgatgttagtggggtctcg-3'. Quantitative rt-Pcr 
was run and analyzed with the 7500 rt-Pcr system (appl ied 
Biosystems). results were normalized against those of 
GaPdH and presented as arbitrary unit.

Label and capture nascent RNA. click-it nascent rna 
capture kit was used to detect newly synthesized rna 
accor ding to the manufacturer's instructions. 5-ethymyl 
uridine (EU) is an alkyne-modified uridine analog and it could 
be efficiently and naturally incorporated into the nascent RNA. 
cells were incubated in 0.2 mm of eu for 4 h and total rna 
labeled with eu was isolated using trizol reagent (invitrogen 
life technologies). then eu-labeled rna was biotinylated 
in a click-it reaction buffer with 0.5 mm of biotin azide and 
subsequently captured on streptavidin magnetic beads.

Statistical analysis. all data were obtained from at least three 
individual experiments. continuous variables were expressed 
as the mean ± Sd and tested by one-way analysis of vari-
ance (anoVa) or Student's t-test. categorical variables were 
expressed as percentage and tested by chi-square test. all the 
statistical analyses were performed using SPSS statistical soft-
ware for Windows, version 17.0 (SPSS, inc., chicago, il, uSa) 
and P-values <0.05 were considered statistically significant.

Results

The expression of BAG3 increases with continued passages 
in cultured primary VSMCs. BaG3 is rarely expressed in 
primary VSmcs, which were mainly in contractile phenotype 
characterized by expression of α-Sm-actin. We also found 
that BaG3 expression was negatively related with VSmc 
marker protein α-Sm-actin. BaG3 expression increased and 
α-Sm-actin expression decreased with continued passages in 
cultured primary VSmcs (fig. 1a and B). this was further-
more confirmed by the results of immunofluorescence 
staining (fig. 1c). Passage 1 (differentiated phenotype) and 
passage 5 (undifferentiated phenotype) were selected to 
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conduct the immunofluorescence staining assay. The fluores-
cence intensity of BaG3 increased observably in VSmcs of 
passage 5 compared with that in passage 1 (fig. 1c). on the 
contrary, the fluorescence intensity of α-Sm-actin decreased 
observably in VSmcs of passage 5 compared with that in 
passage 1 (fig. 1c).

BAG3 promotes the proliferation of primary rat VSMCs. 
We have generated lentiviral vectors to overexpress BaG3 in 
order to explore the role of BaG3 in proliferation of primary 
rat VSmcs. measurement of GfP+ cells under fluorescence 
microscopy demonstrated that transduction efficiency by 
lentiviral vectors at 100 multiplicity of infection (moi) 
was 80-90% (fig. 2a). Western blotting confirmed that 
BaG3 was successfully expressed in VSmcs infected with 
BaG3-containg lentivirus (fig. 2B and c). importantly, 
results from cell counting (fig. 2d), rtca (fig. 2e) and 
edu staining (fig. 2f) consistently demonstrated that forced 
overexpression of BAG3 could significantly promote the prolif-
eration of primary rat VSmcs in both Sfm group (serum free 
medium) and cm group (complete medium with 10% fBS).

BAG3 promotes the migration of primary rat VSMCs. Wound 
healing assay showed that BAG3 significantly increased the 
migration of primary rat VSmcs at 24 h compared with 
control group (fig. 3a). transwell assay demonstrated that 
the number of invaded cells in BaG3-overexpression VSmcs 
group was significantly higher than those in the control 

group (fig. 3B and c). rtca also confirmed that BaG3 
promoted migration of primary rat VSmcs in a time-depen-
dent manner (fig. 3d).

TRAIL was implicated in the proliferation mediated by BAG3 
in primary rat VSMCs. We wanted to clarify the mechanism 
underlying the proliferation and migration of primary rat 
VSmcs promoted by BaG3 overexpression. the results of 
RT-PCR demonstrated that BAG3 overexpression could signifi-
cantly increase the mrna level of trail, but had no obvious 
effects on the receptors of trail including dcr1, dcr2, 
dr4, dr5 and oPG (fig. 4a). the increase in mrna level 
could result from the increase of mrna synthesis or decrease 
of mrna degradation. next, trail gene transcription was 
analyzed using click-it nascent rna capture kit to label 
and isolate newly synthesized rna. the results of rt-Pcr 
demonstrated that BaG3-overexpression did not alter the level 
of newly synthesized trail mrna (fig. 4B). consistently, 
western blotting demonstrated that BaG3 overexpression could 
promote the expression of trail protein while have no effects 
on the receptors of trail (fig. 4c and d). furthermore, dot 
blot demonstrated that BaG3-overexpression could increase the 
level of secreted trail protein in the cultured media (fig. 4e).

BAG3 promotes the proliferation of primary rat VSMCs via 
TRAIL. to investigate the potential involvement of trail in 
the proliferation of VSmcs induced by BaG3, a neutralizing 
antibody against trail (trail ab) was used. cells 

figure 1. the expression of Bcl-2-associated athanogene 3 (BaG3) increased with continued passages in cultured primary rat vascular smooth muscle 
cells (VSmcs). Primary rat VSmcs were cultured in vitro and passages 1-8 were collected. the expression of BaG3 and α-Sm-actin in passages 1-8 were 
detected by (A) western blotting and (B) quantified by ImageJ, GAPDH served as a control. (C) The protein expression of BAG3 and α-Sm-actin in pas-
sages 1 and 5 were determined by immunofluorescence assay. The experiments were all repeated three times with reproducible results. *p<0.05 compared 
with the control.
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figure 2. effects of Bcl-2-associated athanogene 3 (BaG3) on the proliferation of primary rat vascular smooth muscle cells (VSmcs). (a) We have generated 
lentiviral vectors to overexpress BAG3 in primary rat VSMCs. (B) The protein expression of BAG3 was detected by western blotting and (C) quantified by 
imagej, GaPdH served as a control. (d) cell proliferation was determined by cell counting and (e) real-time cell analyzer (rtca). (f) cell proliferation was 
further confirmed by EdU staining and EdU incorporation was calculated as EdU+ cells/total cells and quantified by ImageJ. The experiments were all repeated 
three times with reproducible results. *p<0.05 compared with the control.

figure 3. effects of Bcl-2-associated athanogene 3 (BaG3) on the migration of primary rat vascular smooth muscle cells (VSmcs). (a) migrated cells were 
detected by wound healing assay. (B) Migrated cells were stained by Hoechst 33342 in Transwell assay and (C) migrated cells were quantified by ImageJ. (D) Cell 
migration was monitored continuously by rtca. the experiments were all repeated three times with reproducible results. *p<0.05 compared with the control.



fu et al:  BaG3 PromoteS tHe PHenotYPic tranSformation of VSmcs2922

counting demonstrated that BaG3 overexpression could 
significantly promote the proliferation of VSMCs, and this 
biological process was attenuated by trail ab (fig. 5a). 
edu staining also confirmed that trail ab could 
decrease edu incorporation rate of VSmcs induced by 
BaG3 overexpr ession (fig. 5B). to further investigate the 
involvement of trail, we generated lentiviral vectors 
containing shrnas against trail (shtrail) to knock 
down trail expression in primary rat VSmcs. rt-Pcr 
demonstrated that three shRNAs (shTRAIL#2, shTRAIL#4 
and shTRAIL#5) significantly decreased the mRNA 
level of trail in VSmcs (fig. 5c). Western blotting 
demonstrated that shTRAIL#2, shTRAIL#4 and shTRAIL#5 
significantly decreased the protein expre ssion of TRAIL in 

VSMCs (Fig. 5D and E). Dot blot exhibited that shTRAIL#2, 
shTRAIL#4 and shTRAIL#5 significantly decreased the 
secreted protein of trail in culture medium (fig. 5f). 
importantly, cell counting (fig. 5G) and edu staining (fig. 5H) 
consistently demonstrated that shTAIL#2, shTRAIL#4 and 
shTRAIL#5 could decrease the proliferation of VSMCs.

Knockdown of TRAIL exerted no obvious influence on the 
migration of primary rat VSMCs. We then investigated the 
potential involvement of trail in the migration of primary 
rat VSmcs. Wound healing assay (fig. 6a) demonstrated that 
knockdown of TRAIL per se exerted no obvious influence 
on the migration of VSMCs. Transwell assay also confirmed 
that the number of migrated cells did not have significant 

figure 4. tumor necrosis factor-related apoptosis inducing ligand (trail) was implicated in the proliferation mediated by Bcl-2-associated athano-
gene 3 (BaG3) in primary rat vascular smooth muscle cells (VSmcs). (a and B) the total and newly synthesized mrna of trail and its receptors were 
detected by RT-PCR. (C) The protein expression of TRAIL and its receptors were detected by western blotting and (D) quantified by ImageJ, GAPDH served 
as a control. (e) the secreted protein of BaG3 in the cultured media was detected by dot blot. the experiments were all repeated three times with reproducible 
results. *p<0.05 compared with the control.
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figure 5. Bcl-2-associated athanogene 3 (BaG3) promotes the proliferation of primary rat vascular smooth muscle cells (VSmcs) via tumor necrosis 
factor-related apoptosis inducing ligand (trail). neutralizing antibody against trail (trail ab) was used to explore the effects of trail on the 
BaG3-promoted proliferation of VSmcs. after treated with trail ab, (a) cell viability and (B) edu incorporation were assessed. We generated lentiviral 
vectors containing shrnas against trail (shtrail) to knock down trail expression in primary rat VSmcs. (c) the mrna of trail was detected by 
rt-Pcr. (d) the protein expression of trail were detected by western blotting and quantitated by (e) imagej, GaPdH served as a control. (f) the secreted 
protein of trail in the cultured media was detected by dot blot. (G) cell proliferation was detected by cell counting and (H) edu staining. the experiments 
were all repeated three times with reproducible results. *p<0.05 compared with the control.
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statistical differences between knockdown group and control 
group (fig. 6B).

Discussion

the present study demonstrated a novel role for BaG3 in 
regulating the phenotypic transformation in primary rat 
VSmcs. We found that BaG3 expression increased with 
continued passages in cultured primary rat VSmcs and 
promoted the proliferation and migration of primary rat 
VSmcs. furthermore, we demonstrated that BaG3 promoted 
the proliferation of primary rat VSmcs via trail.

Several lines of evidence suggested that the expression of 
BaG3 was elevated in various tumors including glioblastoma, 
acute lymphoblastic leukemia and prostate carcinoma (25-27). 
However, normal tissues seldom express BaG3, except for 
cardiomyocytes and skeletal muscle cells (14). the expres-
sion of BaG3 can be induced by a variety of stimuli such 
as the early growth response gene-1 (egr-1) (28), heat shock 
factor 1 (HSf1) (29), proteasome inhibitors (30), heavy metals 
as well as heat stress (31,32). Previous studies indicated that 
BaG3 is involved in various cVd such as myocardial hyper-
trophy, dilated cardiomyopathy, takotsubo cardiomyopathy 
and chronic heart failure (10-13). in the present study, we 
first confirmed that the expression of BAG3 increased with 
continued passages in cultured primary rat VSmcs.

In this study, we also demonstrated for the first time that 
overexpression of BaG3 could promote the proliferation and 
migration of primary rat VSmcs. BaG3 contains three main 
protein binding motifs that can mediate potential interactions 
with chaperons and/or other proteins, a WW domain at the 
n-terminal, a proline-rich region (PxxP) in the central region, 
two iPV motifs (ile-Pro-Val) between the WW domain and 
the PxxP region (33). Previous study found that in cos7 cells, 

BaG3 could promote the movement and adhesion by binding 
to the PPdY structure of the guanine nucleotide exchange 
factor 2 (Pdz-Gef2) through WW domain (34). in mda435 
human breast cancer cells, BaG3 overexpression contrib-
uted to the decrease of migration, which is related to PxxP 
domain (35). meng et al reported silence of BaG3 can elevate 
migratory capacity by activating the transcription of zeB1 
in thyroid cancer cells (36). We speculated BaG3 may play 
different roles in different cells. it is well known that cancer 
cells are characterized by infinite proliferation, migration and 
invasion, and similar changes occurred in VSmcs during the 
formation of atheromatous plaque. therefore, we hypothesized 
BaG3 may be a common signaling molecule of the two patho-
logical processes. However, further efforts are still required to 
elucidate which domain played the main role.

Both BaG3 and trail are involved in apoptosis and 
immune responses to human immunodeficiency virus (HIV)-1. 
existing evidence showed that BaG3 acted synergistically 
with Bcl-2 and Bax in antagonizing the intrinsic apoptosis 
induced by trail. in the host cell of HiV-1 infection, BaG3 
and Bcl-2 resist apoptosis induced by trail together, which 
may be an important factor for the chronicity of HiV infec-
tion (37,38). furthermore, chiappetta et al demonstrated 
silencing BaG3 could downgrade the apoptotic response 
to trail in human neoplastic thyroid cells (19). However, 
the association between BaG3 and trail and their role in 
the phenotypic transformation of VSmcs has not been fully 
clarified. The present study demonstrated for the first time that 
BaG3 upregulation could promote the expression of trail 
in primary rat VSmcs, which may be realized by decreasing 
the degradation of trail mrna. furthermore, the present 
study also demonstrated BaG3 promotes the proliferation of 
primary rat VSmcs via trail. BaG3 is an upstream signal-
regulated molecule of trail. We originally predicted that 

figure 6. the effect of trail-knockdown on the migration of primary rat vascular smooth muscle cells (VSmcs). We generated lentiviral vectors containing 
shrnas against trail (shtrail) to knock down trail expression in primary rat VSmcs. (a) cell migration was detected by wound healing assay and 
(B) transwell. the experiments were all repeated three times with reproducible results. *p<0.05 compared with the control.
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knockdown of trail may affect BaG3-induced migration. 
However, no effect was observed in migration assay, which 
indicated that other signal-regulated molecules may exist.

The present study demonstrated for the first time that 
BaG3 promotes the proliferation and migration in primary 
rat VSmcs. BaG3 promoted VSmcs proliferation via 
the expr ession of trail. the result revealed incomplete 
mechanism of atherosclerotic plaque and provided a possible 
drug target.
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