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Abstract: Previously we have demonstrated that Bcl-2-associated athanogene 3 (BAG3) is increased in renal fibrosis 
using a rat unilateral ureteral obstruction model. The current study investigated the role of BAG3 in renal fibrosis 
using transforming growth factor (TGF)-β1-treated human proximal tubular epithelial (HK-2) cells. An upregulation of 
BAG3 in vitro models was observed, which correlated with the increased synthesis of extracellular matrix (ECM) pro-
teins and expression of tissue-type plasminogen activator inhibitor (PAI)-1. Blockade of BAG3 induction by shorting 
hairpin RNA suppressed the expression of ECM proteins but had no effect on PAI-1 expression induced by TGF-β1. 
Forced overexpression of BAG3 selectively increased collagens. TGF-β1-induced BAG3 expression in HK-2 cells was 
attenuated by ERK1/2 and JNK MAPK inhibitors. In addition, forced BAG3 overexpression blocked attenuation of 
collagens expression by ERK1/2 and JNK inhibitors. These data suggest that ERK1/2 and JNK signaling events are 
involved in modulating the expression of BAG3, which would ultimately contribute to renal fibrosis by enhancing the 
synthesis and deposition of ECM proteins. 
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Introduction

In recent years, accumulating studies have 
focused on exploring the pathogenesis of renal 
fibrosis, as there is a strong correlation between 
the extent of tubulointerstial fibrosis and loss of 
renal functions in end stage renal disease 
(ESRD) [1, 2]. Renal tubulointerstitial fibrosis is 
characterized by an excess deposition of ECM, 
which is partly due to unbalanced synthesis 
and degradation of ECM proteins. Major com-
ponents of ECM proteins include fibronectin 
(FN) and collagens, especially type I and type 
IV, and their excessive synthesis and deposi-
tion are observed in the process of renal fibro-
sis and experimental animal models [3]. PAI-1 
is a major inhibitor of plasminogen activators 
and elevated PAI-1 level is identified to reduce 
plasmin generation and further decrease plas-
min-dependent ECM degradation [4]. Both deg-
radation of the existing matrix and deposition 
of the newly synthesized ECM are responsible 
for ECM reforming [5]. 

TGF-β1 has been described as the core cyto-
kine leading to the synthesis of ECM and is well 
known to trigger fibrosis in kidneys [1, 6, 7]. All 
three MAPK family proteins, including p38 
MAPK, c-Jun N-terminal kinase (JNK) and extra-
cellular signal-regulated kinase (ERK), have 
been shown to correlate with ECM accumula-
tion induced by TGF-β1. In addition, MAPK sig-
naling contributes to TGF-β1 induced transition 
of tubular epithelial cells into myofibro- 
blasts [8].  

BAG3 was identified as an interacting partner of 
Bcl-2 by yeast two hybrid assay [9]. Expression 
of BAG3 is induced by many stressful stimuli, 
such as high temperature and heavy metal 
exposure [10-12], though its expression is lim-
ited to the striated muscle cells [13-15]. BAG3 
is involved in multiple biological functions, such 
as cell survival, cell adhesion, and invasion [16-
19]. Suppression of BAG3 has been identified 
to involve in apoptosis of kidney cancer cells, 
which is regulated by the inhibition of JNK sig-

http://www.ajtr.org


BAG3 in TGF-β1-induced ECM collection in tubular cells

2806 Am J Transl Res 2015;7(12):2805-2814

nal pathway [20]. Recently, we have demon-
strated that BAG3 is involved in epithelial-mes-
enchymal transition (EMT) of HK2 cells induced 
by fibroblast growth factor-2 (FGF2), and its 
expression is augmented in tubular epithelium 
in unilateral urinary obstruction (UUO) rat mod-
els [21]. These previous results urged us to 
investigate the potential role of BAG3 on ECM 
accumulation of renal epithelial cells stimulat-
ed by TGF-β1. In the current study, we exam-
ined the role of BAG3 in ECMs accumulation 
induced by TGF-β1 in HK2 cells. Induction of 
BAG3 by TGF-β1 in vitro models was observed, 
which correlated with the increased synthesis 
of ECM proteins and expression of tissue-type 
PAI-1. In addition, suppression of BAG3 reduced 
the expression of ECM proteins but had no 
effect on PAI-1 expression. We also demon-
strated that TGF-β1-induced BAG3 expression 
in HK2 cells was attenuated by ERK1/2 and 
JNK MAPK inhibitors, and forced overexpres-
sion of BAG3 partly blocked the suppressive 
effects of ERK1/2 and JNK inhibitors. These 
findings suggested the involvement of ERK1/2 
and JNK signaling events in regulating the 
expression of BAG3, which would ultimately 
contribute to renal fibrosis by enhancing the 
synthesis and deposition of ECM proteins. 

Materials and methods

Reagents and antibodies

PD98059, SB203580 and SP600125 were 
purchased from Calbiochem (La Jolla, CA). TGF-
β1 was purchased from PeproTech. The follow-
ing antibodies were used in the current study: a 
rabbit antibody against BAG3 (Abcam), a rabbit 
antibody against Col I (Abcam), a rabbit anti-
body against Col IV (Abcam), a rabbit antibody 
against FN (Abcam), a rabbit antibody against 
PAI-1 (Abcam) and a mouse antibody against 
GAPDH (Sigma-Aldrich).

Cell culture

Human kidney 2 (HK2) cells were cultured in 
DMEM/F12 (Sigma-Aldrich, Saint Louis, MO) 
supplemented with 10% fetal bovine serum 
(FBS, Sigma-Aldrich, Saint Louis, MO).

RNA isolation and real-time reverse transcrip-
tion-polymerase chain reaction (RT-PCR)

RNA isolation and real-time RT-PCR were per-
formed as previously reported [20]. For BAG3, 

the forward primer was 5’-CATCCAGGAGTGC- 
TGAAAGTG-3’ and the reverse primer was 
5’-TCTGAACCTTCCTGACACCG-3’. For Col I, the 
forward primer was 5’-ACGTGATCTGTGACGAGA- 
CC-3’ and the reverse primer was 5’-AGGCT- 
GTCCAGGGATGCCATC-3’. For Col IV, the forward 
primer was 5’-GTACATCTCTGCCAGGACCAAG-3’ 
and the reverse primer was 5’-CTGCAACAC- 
CATCTCTGCCAG-3’. For FN, the forward primer 
was 5’-CTACTCTGTGGGGATGCAGTG-3’ and the 
reverse primer was 5’-AAGGCACCATTGGAATT- 
TCCTC-3’. For PAI-1, the forward primer was 
5’-GCTCCAGCTGACAACAGGAG-3’ and the re- 
verse primer was 5’-GTGACCGTGCTCCGGAA- 
CAG-3’. 

Western blot analysis

Cells were lysed in protease inhibitor cocktail 
(Sigma-Aldrich, Saint Louis, MO) and lysis buf-
fer (20 mM Tris-HCl, 150 mM NaCl, 2 mM EDTA, 
1% Triton-X100). Cell extract protein amounts 
were quantified using the BSA protein assay kit. 
Equal amounts of protein (25 µg) were sepa-
rated by 12% SDS-PAGE and transferred to 
PVDF membrane (Millipore Corporation, Bille- 
rica, MA).

Dot blot analysis

Supernatant of the cultured cell was collected 
and normalized by cell number. Samples (300 
μl/well) for dot blot analysis were loaded onto 
the dot blot apparatus (BioRad) using a multi-
channel pipette (Matrix) and allowed to adsorb 
to the protan nitrocellulose membrane 
(Whatman) under vacuum.

Transduction of HK2 cells using lentiviral vec-
tors

Lentiviral plasmids containing BAG3 shRNA 
and LUC shRNA target sequences and a GFP 
expression cassette were produced by 
GeneChem Corporation (Shanghai, China). The 
target sequences against BAG3 (shBAG3) were 
as followed: shBAG3#1 5’-AATTCAAGTGATC- 
CGCAAA-3’; shBAG3#2 5’-ATCTCCATTCCGGT- 
GATAC-3’; shBAG3#3 5’-AATTACCCATCACATA- 
AAT-3’; shBAG3#4 5’-TGGACACATCCCAATTCA- 
A-3’ and shBAG3#5 5’-GGAGGATTCTAAACCTG- 
TTT-3’; Target HK2 cells were incubated with 
vector supernatants for 12 h. Transduction effi-
ciency was determined by the measurement of 
GFP+ cells by a fluorescence microscopy. 
Transduced cells were cultured for 2 days 
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before proteins were extract-
ed and analyzed by western 
blot. 

Viable cell count

Cells were stained with trypan 
blue, viable (negative stain-
ing) and dead (positive stain-
ing) cell numbers were count-
ed, respectively.

Statistical analysis

Statistical analysis between 
groups was performed with 
one-way ANOVA. All data were 
acquired from at least 3 indi-
vidual experiments. Values 
are expressed as the mean ± 
SD. The statistical signifi-
cance was defined as p<0.05.

Result

TGF-b1 augments BAG3 
expression in HK2 cells

HK2 cells were treated wi- 
th increasing concentrations 
of TGF-β1 for 24 h. RT-PCR 
analyses demonstrated do- 
se-dependent increases of 
BAG3, and maximal increases 
were observed when 10 ng/
ml TGF-β1 was included in the 
culture medium (Figure 1A). 
HK2 cells were then treated 
with 10 ng/ml of TGF-β1 for 
different time and time-
dependent increases of BAG3 
mRNA were observed as 
assessed by RT-PCR (Figure 
1B). RT-PCR analyses demon-
strated that TGF-β1 resulted 
in dose- and time-dependent 
increases of collagen type I 
(Col I), collagen type IV (Col 
IV), fibronectin (FN) and plas-
minogen inhibitor 1 (PAI-1) 
(Figure 1A, 1B). Consistent 
with mRNA expression, west-
ern blot analyses revealed 
TGF-β1 induced increases of 
BAG3, Col I, Col IV and FN pro-
teins in HK2 cells treated with 

Figure 1. Induction of BAG3, Col I, Col IV, FN, and PAI-1 by TGF-β1 in HK2 
cells. A. HK2 cells were treated with indicated dose of TGF-β1 for 24 h, mRNA 
levels of BAG3, Col I, Col IV, FN, and PAI-1 were measured by real time RT-
PCR. B. HK2 cells were treated with 10 ng/ml TGF-β1 for indicated time, 
mRNA levels of BAG3, Col I, Col IV, FN, and PAI-1 were measured by real 
time RT-PCR. C. HK2 cells were treated with indicated dose of TGF-β1 for 
24 h, western blot analysis was performed using the indicated antibodies. 
D. HK2 cells were treated with 10 ng/ml TGF-β1 for indicated time, west-
ern blot analysis was performed using the indicated antibodies. E. HK2 cells 
were treated with indicated dose of TGF-β1 for 24 h, culture supernatants 
were collected and dot blot was performed using the indicated antibodies. F. 
HK2 cells were treated with 10 ng/ml TGF-β1 for indicated time. After that, 
supernatant was collected and dot blot was performed using the indicated 
antibodies. *, P<0.01.
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TGF-β1 in dose- (Figure 1C) and time-depen-
dent (Figure 1D) manner. Dot blot analyses 
also confirmed the dose- (Figure 1E) and time-
dependent (Figure 1F) increases in PAI-1, Col I, 
Col IV and FN in culture supernatants of HK2 
cells cultured in the presence of TGF-β1. The 
concomitant increases in BAG3 and ECM pro-
tein expression after TGF-β1 treatment sug-
gests that BAG3 might be implicated in profi-
brogenic effect of TGF-β1 and thus could play a 
role in renal interstitial fibrosis.

Knockdown of BAG3 expression attenuates 
expression of ECM proteins induced by TGF-β1

To investigate whether the induction of BAG3 
expression was possibly implicated in deposi-
tion of ECM proteins, HK2 cells were infected 
with lentivirus containing shRNAs against BAG3 

(shBAG3) before addition of TGF-β1 in the cul-
ture media. Three shBAG3 (#2, #4 and #5)
resulted in a significant reduction in the mRNA 
expression of BAG3 induced by TGF-β1 (Figure 
2A). RT-PCR demonstrated that knockdown of 
BAG3 expression resulted in reduction in TGF-
β1-induced mRNA expression of Col I, Col IV 
and FN, but not PAI-1 in HK2 cells (Figure 2A). 
Consistent with changes in mRNA levels, west-
ern blot demonstrated that shBAG3#2, 
shBAG3#4 and shBAG3#5 resulted in signifi-
cant reduced protein expression of  BAG3, Col I, 
Col IV and FN in HK2 cells treated with TGF-β1 
(Figure 2B). Also, similar reduction of protein 
expression of Col I, Col IV and FN was observed 
by dot blot in supernatants of HK2 cells treated 
with TGF-β1 (Figure 2C). Consistent with mRNA 
expression, knockdown of BAG3 had no obvi-
ous effect on PAI-1 expression in supernatants 

Figure 2. Attenuation of TGF-β1 mediated accumulation of ECM proteins by BAG3 knockdown. A. HK2 cells were 
infected with shBAG3 or scramble lentiviral vectors for 12 h and cultured for additional 48 h. Cells were then treated 
with 10 ng/ml of TGF-β1 for additional 24 h. BAG3 and ECM proteins mRNA expression was analyzed using real-time 
RT-PCR. B. HK2 cells were transduced with shBAG3 or scramble lentiviral vectors for 12 h and cultured for addition-
al 48 h. Cells were then treated with 10 ng/ml of TGF-β1 for additional 24 h and Western blot was performed using 
the indicated antibodies. C. HK2 cells were infected with shBAG3 or scramble lentiviral vectors for 12 h and cultured 
for additional 48 h. Cells were then treated with 10 ng/ml of TGF-β1 for additional 24 h. Culture supernatants were 
collected and dot blot was performed using the indicated antibodies.
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of HK2 cells treated with TGF-β1 (Figure 2C). 
These data support that BAG3 specifically mod-
ulates de novo synthesis of ECM proteins 
induced by TGF-β1 in HK2 cells.

Overexpression of BAG3 selectively increases 
collagens

To further confirm the role of BAG3 in ECM pro-
tein components in HK2 cells, HK2 cells were 
infected with lentivirus containing empty or 
BAG3 construct. RT-PCR demonstrated that 
overexpression of BAG3 resulted in increased 
mRNA expression of Col I and Col IV, but not FN 
and PAI-1 in HK2 cells (Figure 3A). Consistent 
with mRNA expression, augment of protein 

expression of Col I and Col IV was observed 
(Figure 3B). BAG3 upregulation had no obvious 
influence on FN or PAI-1 expression (Figure 3B, 
C). Cell count demonstrated that BAG3 overex-
pression exhibited no obvious influence on pro-
liferation of cultured HK2 cells (Figure 3D). 
These results indicate that BAG3 per se may 
selectively affect collagen generation. 

JNK and ERK1/2 signaling pathways are 
involved in induction of BAG3 expression by 
TGF-β1

To investigate whether MAPK pathways are 
involved in TGF-β1-induced BAG3 expression, 
HK2 cells were individually pretreated with the 

Figure 3. Selective induction of collagens generation by overexpression of BAG3. A. HK2 cells were infected with 
lentiviral vectors containing empty or BAG3 construct for 12 h and cultured for additional 48 h. mRNA levels of 
BAG3 and ECM proteins were analyzed using real-time RT-PCR. B. HK2 cells were infected with lentiviral vectors 
containing empty or BAG3 construct for 12 h and cultured for additional 48 h, Western blot was performed using 
the indicated antibodies. C. HK2 cells were infected with lentiviral vectors containing empty or BAG3 construct for 
12 h and cultured for additional 48 h. Culture supernatants were collected and dot blot was performed using the 
indicated antibodies. D. HK2 cells were infected with lentiviral vectors containing empty or BAG3 construct, viable 
cells were counted daily.
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JNK inhibitor SP600125, p38 inhibitor 
SB203580, or the ERK1/2 inhibitor PD98059 
for 60 min before treatment with TGF-β1. 
RT-PCR analysis revealed that pretreatment 
with SP600125 and PD98059 attenuated the 
TGF-β1-induced BAG3 mRNA expression 
(Figure 4A). SB203580, the inhibitor of p38 
MAPK demonstrated no obvious influenced on 
TGF-β1-induced BAG3 mRNA expression 
(Figure 4A). Western blot analyses confirmed 
that treatment with SP600125 and PD98059 
suppressed TGF-β1-induced BAG3 expression, 
while SB203580 exhibited no effect (Figure 

SP600125 and PD98059 inhibited PAI-1 mRNA 
levels, and overexpression of BAG3 had no 
effect on their suppressive effects (Figure 5A). 
Consistent with mRNA expression, SP600125 
and PD98059 suppressed Col I, Col IV, FN and 
PAI-1 protein expression in empty vector-infect-
ed cells (Figure 5B, 5C). In BAG3-infected cells, 
inhibitory effects of SP600125 and PD98059 
on Col I and Col IV were attenuated (Figure 5B, 
5C). BAG3 attenuated the suppressive effect of 
SP600125 on FN expression, while showed no 
obvious influence on the suppressive effect of 
PD98059 (Figure 5B, 5C). PAI-1 demonstrated 

Figure 4. Implication of JNK and ERK1/2 signaling pathways in induction of 
BAG3 expression by TGF-β1. A. HK2 cells were individually pretreated with 
the JNK inhibitor SP600125, p38 inhibitor SB203580, or the ERK1/2 inhibi-
tor PD98059 for 60 min before treatment with TGF-β1. mRNA levels of BAG3 
was measured by real time RT-PCR. B. HK2 cells were individually pretreated 
with the JNK inhibitor SP600125, p38 inhibitor SB203580, or the ERK1/2 
inhibitor PD98059 for 60 min before treatment with TGF-β1. Western blot 
was performed using the indicated antibodies. C. HK2 cells were individu-
ally pretreated with the JNK inhibitor SP600125, p38 inhibitor SB203580, 
or the ERK1/2 inhibitor PD98059 for 60 min before treatment with TGF-β1. 
Culture supernatants were collected and dot blot was performed using the 
indicated antibodies.

4B). Western blot (Figure 4B) 
and dot blot (Figure 4C) analy-
ses demonstrated that inhibi-
tion of MAPK pathways sup-
pressed increases in ECM 
proteins and PAI-1 induced by 
TGF-β1. These data indicate 
that JNK and ERK1/2 path-
ways might be responsible for 
induction of BAG3 by TGF-β1 
in HK2 cells. 

BAG3 overexpression partly 
blocks the suppressive ef-
fects of ERK1/2 and JNK 
inhibition on ECM accumula-
tion in HK2 cells

To further investigate whether 
BAG3 could rescue the effect 
mediated by inhibition of JNK 
and ERK1/2 pathways, HK2 
cells infected with lentivirus 
containing empty or BAG3 
constructed were individually 
pretreated with SP600125 or 
PD98059 for 60 min be- 
fore treatment with TGF-β1. 
SP600125 and PD98059 sig-
nificantly suppressed induc-
tion of Col I and Col IV by TGF-
β1 in empty vector-infected 
cells, while their suppressive 
effects were attenuated in 
BAG3-infected cells (Figure 
5A). BAG3 overexpression 
attenuated SP600125-medi- 
ated inhibition of FN, whiled 
showed no obvious influence 
on PD98059-mediated inhi- 
bition of FN (Figure 5A). 
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similar expression levels in empty vector- and 
BAG3-infected cells (Figure 5B, 5C). These 
data indicate that ERK1/2 and JNK signaling 
pathways are involved in ECM accumulation 
induced by TGF-β1, at least in part, via induc-
tion of BAG3.

Discussion

Interstitial fibrosis is associated with extensive 
accumulation of ECM constituents in the corti-
cal interstitium and is also directly correlated to 
progression of renal disease [22]. Myofibro- 
blasts are considered to be the terminally dif-
ferentiated cells that are responsible for the 
synthesis and accumulation of interstitial ECM 

components such as collagens and fibronectin 
in various pathologies, including cancer and 
renal fibrosis [22, 23]. Epithelial to mesenchy-
mal transition (EMT) program play a role, 
though a small part, in the formation of myofi-
broblast cells [24]. BAG3 has been demonstrat-
ed on its role in EMT of thyroid cancer cells 
[25]. Recently, we also demonstrated the 
increased expression of BAG3 during the EMT 
process in UUO rat models and HK2 cells 
induced by FGF2 [21]. However, the role of 
BAG3 in accumulation of ECM is still unknown. 
In the present study, we demonstrated that 
TGF-β1 induced the increased expression of 
BAG3 in HK2 cells. The upregulation of BAG3 is 
correlated with the increased synthesis of ECM 

Figure 5. Attenuation of suppres-
sive effects of ERK1/2 and JNK 
inhibition on ECM accumulation 
mediated by TGF-β1. A. HK2 cells 
infected with lentivirus containing 
empty or BAG3 constructed vectors 
were pretreated with SP600125 
or PD98059 for 60 min individu-
ally before treatment with TGF-β1. 
mRNA levels of BAG3 and ECM 
proteins were evaluated using real 
time RT-PCR. B. HK2 cells infected 
with lentivirus containing empty 
or BAG3 constructed vectors were 
pretreated with SP600125 or 
PD98059 for 60 min individu-
ally before treatment with TGF-β1. 
Western blot was performed using 
the indicated antibodies. C. HK2 
cells infected with lentivirus con-
taining empty or BAG3 construct-
ed vectors were pretreated with 
SP600125 or PD98059 for 60 min 
individually before treatment with 
TGF-β1. Supernatants were col-
lected and dot blot was performed 
using the indicated antibodies. 
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proteins and expression of PAI-1. The equilibri-
um of ECM components relies on both the syn-
thesis and the degradation of ECM proteins [5]. 
The current study demonstrated that blockade 
of BAG3 by shRNA inhibited the expression of 
ECM proteins but showed no effect on the 
expression of PAI-1. Similarly, PAI-1 level was 
not affected by overexpression of BAG3 in HK2 
cell. These results indicated that in HK2 cells 
BAG3 specifically regulated de novo synthesis 
of ECM proteins induced by TGF-β1 without 
affecting its degradation. The present study 
also identified a new role of BAG3, other than 
EMT, on implicating the ECM accumulation in 
renal fibrosis.

In HK2 cells BAG3 upregulation induced by 
TGF-β1, as well as forced overexpression of 
BAG3, resulted in the increased level of colla-
gen. However, distinct effect of TGF-β1-induced 
BAG3 and overexpressed BAG3 on FN was 
demonstrated. BAG3 induction was implicated 
in FN expression induced by TGF-β1, as knock-
down of BAG3 suppressed TGF-β1 mediated FN 
expression. On the other hand, forced BAG3 
overexpression per se demonstrated no obvi-
ous influence on FN expression. BAG3 has a 
modular structure containing multiple protein 
interacting motifs. In addition, it has been 
reported that BAG3 is phosphorylated at 
Ser187, phosphorylated and non-phosphorylat-
ed BAG3 appear to act opposite in EMT and 
invasion of thyroid cancer cells [25, 26]. TGF-β1 
exposure lead to complicated crosstalk among 
the signaling pathways and downstream pro-
teins [27], which may alter phosphorylation sta-
tus of BAG3 or its interacting partners. Thus the 
altered interacting partners, as well as different 
phosphorylation status of endogenous TGF-β1 
induced BAG3 and overexpression BAG3 may 
explain the different function. Nevertheless, 
further investigations are needed to elucidate 
the mechanism responsible for the distinction 
between these two formations.

MAPKs are intricately implicated in the pathobi-
ology of various kidney diseases, including 
renal fibrosis. It is well known that TGF-β1 and 
MAPKs signaling pathways cross-talk consider-
ably in the synthesis and degradation of ECM 
by fibroblast-like cells in the kidney. In addition, 
MAPK signaling is considered to contribute to 
transition of tubular epithelial cells into myofi-
broblasts induced by TGF-β1 [8, 28-31]. The 
present study demonstrated MAPK signaling 

pathway also participated in ECM accumulation 
induced by TGF-β1, and this process is, at least 
in parted, regulated by BAG3. In the current 
study, overexpression of BAG3 rescued the 
inhibition of FN mRNA expression induced by 
JNK inhibitor SP600125, indicating that BAG3 
might be involved in FN expression mediated by 
JNK signaling pathway. On the other hand, over-
expression of BAG3 had no influence on FN 
mRNA levels inhibited by ERK1/2 inhibitor 
PD98059. These data indicated that BAG3 may 
not ascribe to FN expression mediated by 
ERK1/2. Alternatively, ERK1/2-mediated mod-
ulation is critical for its role in FN expression, 
predicting the possibility for BAG3 as a down 
stream target protein of ERK signaling 
pathway. 

In summary, the present study, for the first 
time, demonstrated that BAG3 was implicated 
in TGF-β1 induced ECM accumulation in HK2 
cells, and MAPK signaling contributed to the 
regulation of this process. The current study 
described the role of BAG3 in the pathogenesis 
of tubulointerstitial fibrosis, and this may give 
us a new idea on developing therapeutic meth-
od in renal disease. 

Acknowledgements

This work was financially supported by Natio- 
nal Natural Science Foundation of China 
(31170727, 31170745, 81301838 and 
81470584) and Foundation of Liaoning Edu- 
cational Committee (L2010581).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Feng Du, De- 
partment of Nephrology, Shengjing Hospital, China 
Medical University, Shenyang 110004, China. Tel: 
+86-24-96615-25111; Fax: +86-24-96615-25114; 
E-mail: dolphine_doctor@hotmail.com

References

[1] Hewitson TD. Renal tubulointerstitial fibrosis: 
common but never simple. Am J Physiol Renal 
Physiol 2009; 296: F1239-1244.

[2] Klionsky DJ, Abeliovich H, Agostinis P, Agrawal 
DK, Aliev G, Askew DS, Baba M, Baehrecke EH, 
Bahr BA, Ballabio A, Bamber BA, Bassham DC, 
Bergamini E, Bi X, Biard-Piechaczyk M, Blum 
JS, Bredesen DE, Brodsky JL, Brumell JH, 
Brunk UT, Bursch W, Camougrand N, Cebollero 



BAG3 in TGF-β1-induced ECM collection in tubular cells

2813 Am J Transl Res 2015;7(12):2805-2814

E, Cecconi F, Chen Y, Chin LS, Choi A, Chu CT, 
Chung J, Clarke PG, Clark RS, Clarke SG, Clave 
C, Cleveland JL, Codogno P, Colombo MI, Coto-
Montes A, Cregg JM, Cuervo AM, Debnath J, 
Demarchi F, Dennis PB, Dennis PA, Deretic V, 
Devenish RJ, Di Sano F, Dice JF, Difiglia M, 
Dinesh-Kumar S, Distelhorst CW, Djavaheri-
Mergny M, Dorsey FC, Droge W, Dron M, Dunn 
WA Jr, Duszenko M, Eissa NT, Elazar Z, Escla-
tine A, Eskelinen EL, Fesus L, Finley KD, Fuen-
tes JM, Fueyo J, Fujisaki K, Galliot B, Gao FB, 
Gewirtz DA, Gibson SB, Gohla A, Goldberg AL, 
Gonzalez R, Gonzalez-Estevez C, Gorski S, Got-
tlieb RA, Haussinger D, He YW, Heidenreich K, 
Hill JA, Hoyer-Hansen M, Hu X, Huang WP, Iwa-
saki A, Jaattela M, Jackson WT, Jiang X, Jin S, 
Johansen T, Jung JU, Kadowaki M, Kang C, 
Kelekar A, Kessel DH, Kiel JA, Kim HP, Kimchi 
A, Kinsella TJ, Kiselyov K, Kitamoto K, Knecht 
E, Komatsu M, Kominami E, Kondo S, Kovacs 
AL, Kroemer G, Kuan CY, Kumar R, Kundu M, 
Landry J, Laporte M, Le W, Lei HY, Lenardo MJ, 
Levine B, Lieberman A, Lim KL, Lin FC, Liou W, 
Liu LF, Lopez-Berestein G, Lopez-Otin C, Lu B, 
Macleod KF, Malorni W, Martinet W, Matsuoka 
K, Mautner J, Meijer AJ, Melendez A, Michels P, 
Miotto G, Mistiaen WP, Mizushima N, Mograbi 
B, Monastyrska I, Moore MN, Moreira PI, Mori-
yasu Y, Motyl T, Munz C, Murphy LO, Naqvi NI, 
Neufeld TP, Nishino I, Nixon RA, Noda T, Nurn-
berg B, Ogawa M, Oleinick NL, Olsen LJ, Ozpo-
lat B, Paglin S, Palmer GE, Papassideri I, 
Parkes M, Perlmutter DH, Perry G, Piacentini 
M, Pinkas-Kramarski R, Prescott M, Proikas-
Cezanne T, Raben N, Rami A, Reggiori F, Rohrer 
B, Rubinsztein DC, Ryan KM, Sadoshima J, 
Sakagami H, Sakai Y, Sandri M, Sasakawa C, 
Sass M, Schneider C, Seglen PO, Seleverstov 
O, Settleman J, Shacka JJ, Shapiro IM, Sibirny 
A, Silva-Zacarin EC, Simon HU, Simone C, Si-
monsen A, Smith MA, Spanel-Borowski K, 
Srinivas V, Steeves M, Stenmark H, Stromhaug 
PE, Subauste CS, Sugimoto S, Sulzer D, Suzuki 
T, Swanson MS, Tabas I, Takeshita F, Talbot NJ, 
Talloczy Z, Tanaka K, Tanaka K, Tanida I, Taylor 
GS, Taylor JP, Terman A, Tettamanti G, Thomp-
son CB, Thumm M, Tolkovsky AM, Tooze SA, 
Truant R, Tumanovska LV, Uchiyama Y, Ueno T, 
Uzcategui NL, van der Klei I, Vaquero EC, Vellai 
T, Vogel MW, Wang HG, Webster P, Wiley JW, Xi 
Z, Xiao G, Yahalom J, Yang JM, Yap G, Yin XM, 
Yoshimori T, Yu L, Yue Z, Yuzaki M, Zabirnyk O, 
Zheng X, Zhu X and Deter RL. Guidelines for 
the use and interpretation of assays for moni-
toring autophagy in higher eukaryotes. Autoph-
agy 2008; 4: 151-175.

[3] Razzaque MS and Taguchi T. Cellular and mo-
lecular events leading to renal tubulointersti-
tial fibrosis. Med Electron Microsc 2002; 35: 
68-80.

[4] Huang Y and Noble NA. PAI-1 as a target in kid-
ney disease. Curr Drug Targets 2007; 8: 1007-
1015.

[5] Botta A, Delteil F, Mettouchi A, Vieira A, Estrach 
S, Negroni L, Stefani C, Lemichez E, Meneguzzi 
G and Gagnoux-Palacios L. Confluence switch 
signaling regulates ECM composition and the 
plasmin proteolytic cascade in keratinocytes. J 
Cell Sci 2012; 125: 4241-4252.

[6] Bottinger EP and Bitzer M. TGF-beta signaling 
in renal disease. J Am Soc Nephrol 2002; 13: 
2600-2610.

[7] Association TCCIGotDSoCM. The retrospective 
analysis about diabetes chronic complications 
and related macroangiopathy of n ationwide in 
patients from 1991 to 2000 in China. Journal 
of Chinese Academy of Medical Sciences Uni-
versity 2002; 5: 447-451.

[8] Ma FY, Sachchithananthan M, Flanc RS and 
Nikolic-Paterson DJ. Mitogen activated protein 
kinases in renal fibrosis. Front Biosci (Schol 
Ed) 2009; 1: 171-187.

[9] Antoku K, Maser RS, Scully WJ Jr, Delach SM 
and Johnson DE. Isolation of Bcl-2 binding pro-
teins that exhibit homology with BAG-1 and 
suppressor of death domains protein. Biochem 
Biophys Res Commun 2001; 286: 1003-1010.

[10] Pagliuca MG, Lerose R, Cigliano S and Leone 
A. Regulation by heavy metals and tempera-
ture of the human BAG-3 gene, a modulator of 
Hsp70 activity. FEBS Lett 2003; 541: 11-15.

[11] Bonelli P, Petrella A, Rosati A, Romano MF, Le-
rose R, Pagliuca MG, Amelio T, Festa M, Mar-
tire G, Venuta S, Turco MC and Leone A. BAG3 
protein regulates stress-induced apoptosis in 
normal and neoplastic leukocytes. Leukemia 
2004; 18: 358-360.

[12] Chen L, Wu W, Dentchev T, Zeng Y, Wang J, Tsui 
I, Tobias JW, Bennett J, Baldwin D and Dunaief 
JL. Light damage induced changes in mouse 
retinal gene expression. Exp Eye Res 2004; 
79: 239-247.

[13] Doong H, Price J, Kim YS, Gasbarre C, Probst J, 
Liotta LA, Blanchette J, Rizzo K and Kohn E. 
CAIR-1/BAG-3 forms an EGF-regulated ternary 
complex with phospholipase C-gamma and 
Hsp70/Hsc70. Oncogene 2000; 19: 4385-
4395.

[14] Homma S, Iwasaki M, Shelton GD, Engvall E, 
Reed JC and Takayama S. BAG3 deficiency re-
sults in fulminant myopathy and early lethality. 
Am J Pathol 2006; 169: 761-773.

[15] Hishiya A, Kitazawa T and Takayama S. BAG3 
and Hsc70 interact with actin capping protein 
CapZ to maintain myofibrillar integrity under 
mechanical stress. Circ Res 2010; 107: 1220-
1231.

[16] Iwasaki M, Homma S, Hishiya A, Dolezal SJ, 
Reed JC and Takayama S. BAG3 regulates mo-



BAG3 in TGF-β1-induced ECM collection in tubular cells

2814 Am J Transl Res 2015;7(12):2805-2814

tility and adhesion of epithelial cancer cells. 
Cancer Res 2007; 67: 10252-10259.

[17] Suzuki M, Iwasaki M, Sugio A, Hishiya A, Tana-
ka R, Endo T, Takayama S and Saito T. BAG3 
(BCL2-associated athanogene 3) interacts 
with MMP-2 to positively regulate invasion by 
ovarian carcinoma cells. Cancer Lett 2011; 
303: 65-71.

[18] Kassis JN, Guancial EA, Doong H, Virador V 
and Kohn EC. CAIR-1/BAG-3 modulates cell 
adhesion and migration by downregulating ac-
tivity of focal adhesion proteins. Exp Cell Res 
2006; 312: 2962-2971.

[19] McCollum AK, Casagrande G and Kohn EC. 
Caught in the middle: the role of Bag3 in dis-
ease. Biochem J 2010; 425: e1-3.

[20] Wang HQ, Liu BQ, Gao YY, Meng X, Guan Y, 
Zhang HY and Du ZX. Inhibition of the JNK sig-
nalling pathway enhances proteasome inhibi-
tor-induced apoptosis of kidney cancer cells by 
suppression of BAG3 expression. Br J Pharma-
col 2009; 158: 1405-1412.

[21] Du F, Li S, Wang T, Zhang HY, Li DT, Du ZX and 
Wang HQ. Implication of Bcl-2-associated atha-
nogene 3 in fibroblast growth factor-2-mediat-
ed epithelial-mesenchymal transition in renal 
epithelial cells. Exp Biol Med (Maywood) 2015; 
240: 566-75.

[22] Meran S and Steadman R. Fibroblasts and 
myofibroblasts in renal fibrosis. Int J Exp Pathol 
2011; 92: 158-167.

[23] Sugimoto H, Mundel TM, Kieran MW and Kal-
luri R. Identification of fibroblast heterogeneity 
in the tumor microenvironment. Cancer Biol 
Ther 2006; 5: 1640-1646.

[24] LeBleu VS, Taduri G, O’Connell J, Teng Y, Cooke 
VG, Woda C, Sugimoto H and Kalluri R. Origin 
and function of myofibroblasts in kidney fibro-
sis. Nat Med 2013; 19: 1047-1053.

[25] Li N, Du ZX, Zong ZH, Liu BQ, Li C, Zhang Q and 
Wang HQ. PKCdelta-mediated phosphorylation 
of BAG3 at Ser187 site induces epithelial-mes-
enchymal transition and enhances invasive-
ness in thyroid cancer FRO cells. Oncogene 
2013; 32: 4539-4548.

[26] Meng X, Kong DH, Li N, Zong ZH, Liu BQ, Du ZX, 
Guan Y, Cao L and Wang HQ. Knockdown of 
BAG3 induces epithelial-mesenchymal transi-
tion in thyroid cancer cells through ZEB1 acti-
vation. Cell Death Dis 2014; 5: e1092.

[27] Derynck R, Muthusamy BP and Saeteurn KY. 
Signaling pathway cooperation in TGF-beta-in-
duced epithelial-mesenchymal transition. Curr 
Opin Cell Biol 2014; 31: 56-66.

[28] Ma FY, Flanc RS, Tesch GH, Han Y, Atkins RC, 
Bennett BL, Friedman GC, Fan JH and Nikolic-
Paterson DJ. A pathogenic role for c-Jun amino-
terminal kinase signaling in renal fibrosis and 
tubular cell apoptosis. J Am Soc Nephrol 2007; 
18: 472-484.

[29] Kim J, Nueda A, Meng YH, Dynan WS and Mive-
chi NF. Analysis of the phosphorylation of hu-
man heat shock transcription factor-1 by MAP 
kinase family members. J Cell Biochem 1997; 
67: 43-54.

[30] Park J and Liu AY. JNK phosphorylates the 
HSF1 transcriptional activation domain: role of 
JNK in the regulation of the heat shock re-
sponse. J Cell Biochem 2001; 82: 326-338.

[31] Santibanez JF. JNK mediates TGF-beta1-in-
duced epithelial mesenchymal transdifferenti-
ation of mouse transformed keratinocytes. 
FEBS Lett 2006; 580: 5385-5391.


