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Abstract

Purpose BAGS3 is overexpressed in several malignancies
and mediates a non-canonical, selective form of (macro)
autophagy. By stabilizing pro-survival Bcl-2 proteins in
complex with HSP70, BAG3 can also exert an apoptosis-
antagonizing function. ABT-737 is a high affinity Bcl-2
inhibitor that fails to target Mcl-1. This failure may confer
resistance in various cancers.

Methods Urothelial cancer cells were treated with the
BH3 mimetics ABT-737 and (—)-gossypol, a pan-Bcl-2
inhibitor which inhibits also Mcl-1. To clarify the impor-
tance of the core autophagy regulator ATGS and BAG3 in
ABT-737 treatment, cell lines carrying a stable lentiviral
knockdown of ATGS and BAG3 were created. The syner-
gistic effect of ABT-737 and pharmaceutical inhibition of
BAG3 with the HSF1 inhibitor KRIBB11 or sorafenib was
also evaluated. Total cell death and apoptosis were quanti-
fied by FACS analysis of propidium iodide, annexin. Target
protein analysis was conducted by Western blotting.
Results Knockdown of BAG3 significantly downregu-
lated Mcl-1 protein levels and sensitized urothelial cancer
cells to apoptotic cell death induced by ABT-737, while
inhibition of bulk autophagy through depletion of ATGS
had no discernible effect on cell death. Similar to knock-
down of BAG3, pharmacological targeting of the BAG3/
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Mcl-1 pathway with KRIBB11 was capable to sensitize
both cell lines to treatment with ABT-737.

Conclusion Our results show that BAG3, but not bulk
autophagy has a major role in the response of bladder can-
cer cells to BH3 mimetics. They also suggest that BAG3 is
a suitable target for combined therapies aimed at synergisti-
cally inducing apoptosis in bladder cancer.
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Abbreviations

CMA  Chaperone-mediated autophagy

ATG Autophagy-related genes

z-VAD  Z-Val-Ala-DL-Asp(OMe)-fluoromethylketone
STS Staurosporine

PI Propidium iodide

Introduction

Bladder cancer is the second most common malignancy of
the urinary tract. The prognosis of patients with metastatic
bladder cancer is extremely poor in spite of various chemo-
therapeutic options. Malignant progression is associated
with alterations in numerous cellular processes, includ-
ing those that lead to apoptosis, which is dysregulated in
numerous cancers [1]. This process is regulated by sev-
eral pro- and anti-apoptotic genes, among them are Bcl-2
and its homologues. Consistently, many investigators have
demonstrated that overexpression of Bcl-2 correlates with
the progression and chemotherapeutic response of various
human malignancies, including bladder cancer [2].

Drug development attempts to disrupt the interaction
between pro-apoptotic and anti-apoptotic proteins of the
Bcl-2 family yielded the Bcl-2 homology domain 3 (BH3)

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00345-015-1616-2&domain=pdf

198

World J Urol (2016) 34:197-205

mimetic class of drugs [3]. The BH3-mimetic ABT-737 is a
small molecule that binds with high affinity to Bcl-2, Bcl-xL,
and Bcl-w, but not to Mcl-1 [4]. This failure to target Mcl-1
may confer ABT-737 resistance in various cancers with
higher expression of pro-survival Bcl-2 family members [5].
In contrast (—)-gossypol, a natural product from cottonseed,
has been identified as a small molecule pan-Bcl-2 inhibitor
also targeting Mcl-1 [6]. By displacing the pro-autophagic
BH3-only protein Beclin-1 from the pro-survival Bcl-2 fam-
ily members, BH3 mimetics can also activate autophagy [4].

Autophagy itself is a catabolic process, in which portions
of the cytoplasm or complete organelles are delivered to the
autophagosomal-lysosomal pathway for bulk degradation
[7]. This type of autophagy is termed macroautophagy. Dis-
tinct types of autophagy are microautophagy and chaperone-
mediated autophagy (CMA) [8]. In regard to cell death/sur-
vival decisions, the role of macroautophagy (hereafter called
autophagy) is highly contextual. In general, autophagy acts
as a pro-survival stress response; there is also evidence that
overactivation of autophagy can act as an alternative cell
death pathway [9]. The execution of autophagy involves
multiple conserved autophagy-related genes (ATG). Among
these gene products, ATGS is critically involved in the early
stages of autophagosome formation [10].

The HSP70 co-chaperone Bcl-2-associated athanogene
3 (BAG3) mediates a selective form of autophagy for the
degradation of damaged client proteins known to accumu-
late under conditions of cellular stress, thereby consolidat-
ing cells by recruitment of the macroautophagy pathway
[11]. Furthermore, BAG3 was shown to sustain cell sur-
vival and underlie resistance to chemotherapy in several
human neoplasms [12]. Overexpression of BAG3 has been
observed in different types of tumors and may stabilize pro-
survival Bcl-2 family members via preventing their degra-
dation in the proteasomal pathway, thereby supporting their
anti-apoptotic activity [13].

Here, we investigated the role of autophagy-regulating
proteins in bladder cancer cells to treatment with ABT-737.
Our data show that depletion of BAG3 through RNA silenc-
ing augmented ABT-737-mediated cell death, whereas inhi-
bition of bulk autophagy via knockdown of ATGS5 had no
significant effect on cell survival. Also, the pro-apoptotic
effect of ABT-737 can be significantly increased by com-
bination with drugs that target upstream signaling mecha-
nisms to inhibit the expression of BAG3 and Mcl-1.

Materials and methods
Materials

(—)-Gossypol (>98 % purity) was acquired from Tocris (Bris-
tol, UK). Z-Val-Ala-DL-Asp(OMe)-fluoromethylketone
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(z-VAD) was purchased from Bachem (Weil am Rhein, Ger-
many). KRIBB11 was from Calbiochem (Darmstadt, Ger-
many). Sorafenib and ABT-737 were purchased from Santa
Cruz (Heidelberg, Germany). Staurosporine (STS) was
obtained from Alexis Biochemicals (San Diego, CA, USA).
All other chemicals were used in analytic grade purity from
Sigma-Aldrich (Munich, Germany).

Cell lines and culture

RT-112, 5637 (ATCC/LGC Promochem GmbH, Wesel,
Germany), and TCC-SUP (DSMZ, Braunschweig, Ger-
many) bladder carcinoma cells were grown and subcultured
in IMDM, 10 % fetal calf serum, 2 % glutamin, and 1 %
penicillin/streptomycin (all: Gibco/Invitrogen, Karlsruhe,
Germany) cultivated in a humidified incubator at 37 °C and
5 % CO,. Human urothelial epithelial cells (HUEPC) were
obtained from Provitro GmbH (Berlin, Germany). Cells
were grown in Provitro urothelial growth medium, which is
a sterile liquid medium. The Provitro essential supplement
kit components were added to the basal growth medium.
HUEPC have to be cultivated in a humidified incubator at
37°Cand 5 % CO,.

Lentiviral transduction

Lentiviral vector stocks specific for ATGS5 (SHVRS-
NM_004849; Sigma-Aldrich) and BAG3 (SHCLNV-
NM_004281; Sigma-Aldrich) were used for transduc-
tion of bladder cancer cells. The target sets included five
sequences for different small hairpins. The pLKO.1-puro
control transduction particles (SHC001 V) did not contain
a hairpin insert and were used as a negative control. Trans-
duction and selection of stable cells were performed as
described previously [9].

SDS-PAGE and Western blotting

Western blots of whole-cell lysates were prepared as
described previously [9]. The resulting blots were probed
with a mouse monoclonal anti-Bcl-2 antibody diluted
1:1000 (Santa Cruz Biotechnology), a rabbit polyclonal
anti-Bcl-xL antibody diluted 1:1000 (Cell Signaling, Lei-
den, The Netherlands), a rabbit polyclonal anti-Mcl-1
antibody diluted 1:1000 (Cell Signaling), a rabbit poly-
clonal anti-Bcl-w diluted 1:1000 (Cell Signaling), a rab-
bit polyclonal anti-ATGS5 antibody (Cell Signaling) diluted
1:1000, an anti-BAG3 antibody diluted 1:3000 von (Bio-
zol/Abnova, Eching, Germany), a mouse monoclonal
anti-LC3 antibody (Sigma-Aldrich) diluted 1:1000, and
a mouse monoclonal anti-glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) antibody (Calbiochem) diluted
1:10,000.
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Flow cytometry

Cell death was detected by flow cytometry after annexin
V-fluos/propidium iodide (PI) double staining [Roche
Applied Science (Penzberg, Germany); Sigma-Aldrich] as
described before [9]. Flow cytometric analyses were done
on a FACS-Canto II (BD Biosciences, Heidelberg, Ger-
many) followed by analysis using FACSDiva software (BD
Biosciences).

Statistics

Data are given as mean &= SEM. For statistical comparison,
one-way ANOVA followed by Tukey’s test was used using
SPSS software (SPSS GmbH Software). P values <0.05
were considered to be statistically significant.

Results

ABT-737 moderately induces a caspase-dependent
apoptotic type of cell death in bladder cancer cells

Previous studies have suggested that the mode and extent of
cell death induced by BH3 mimetics depend on the level of
Bcl-2 [9, 14]. We first analyzed the expression levels of pro-
survival Bcl-2 family members in a series of bladder cancer
cell lines by Western blot (Fig. 1a). Cell line TCC-SUP has
higher levels of Bcl-2 and Mcl-1 than 5637 and RT112, but
exhibits lower expression of Bcl-w. We next compared their
responses to ABT-737 treatment, which has been described
to be capable of inhibiting Bcl-2, Bel-xL, and Bcl-w, but not
Mcl-1 [4], by FACS analysis of annexin V binding and pro-
pidium iodide uptake to determine both early apoptosis and
total cell death (Fig. 1b). The extent of ABT-737-induced
cell death was correlated with the expression of Bcl-2 pro-
teins: 5637 cells with the lowest level of Bcl-2 and Mcl-1
expression displayed the highest sensitivity to treatment
with 10 uM ABT-737 for 48 h with ~40 % total cell death
followed by RT112 with ~26 % and TCC-SUP with ~20 %
total cell death. Pre-treatment with z-VAD, a cell-permeant
pan-caspase inhibitor that binds irreversibly to the catalytic
site of caspase proteases, significantly decreased cell death
in all cell lines compared to ABT-737 treatment alone, indi-
cating that ABT-737 had triggered apoptosis. In compari-
son with ABT-737, the natural BH3 mimetic (—)-gossypol
which has been described as a pan-Bcl-2 inhibitor targeting
Bcl-2, Bel-xL, Bel-w, and Mcl-1 [4, 9] induced higher lev-
els of total cell death in 5637 with ~73 %, in RT112 with
~42 % and TCC-SUP with ~35 % total cell death. As seen
in the case of ABT-737 pre-treatment, treatment with z-VAD
significantly decreased cell death in all cell lines compared
to (—)-gossypol treatment alone.

Knockdown of BAG3, but not ATGS sensitizes bladder
cancer cells to cell death induced by ABT-737

BAGS3 overexpression has been previously reported in sev-
eral malignancies [13]. BAG3 protein levels in our panel
of bladder cancer cells in comparison with non-trans-
formed HUEPC were determined by Western blot (Fig. 2a).
HUEPC hardly showed any BAG3 expression, while
RT112 cells showed the highest BAG3 protein level among
the investigated bladder cancer cell lines. All other cell
lines had a nearly even level of BAG3. In contrast to BAG3,
ATGS is a key player involved in canonical bulk, i.e., non-
selective macroautophagy and ATGS5-deficient cells exhibit
a significantly diminished formation of autophagic vesicles
[7]. Western blot analysis revealed that ATGS displays a
robust expression at an even level in the four evaluated cell
lines (Fig. 2a).

To investigate and compare the potential role of BAG3
and bulk autophagy in modulating cell death induced by
BH3 mimetics, lentiviral knockdowns of BAG3 and ATG5
were established in cell lines RT112 and 5637 (Fig. 2b, c).
Empty vector-transduced cells were used as controls. It
was previously shown that BAG3 stabilizes Mcl-1 and thus
promotes its anti-apoptotic effects [13]. In line with these
findings, 5637 BAG3-KD cells exhibited barely detectable
levels of Mcl-1 (Fig. 2b), whereas the Mcl-1 level remained
unaltered in the ATG5-KD cells (Fig. 2c). As expected,
analysis of LC3 conversion indicated a decreased amount
of LC3-II after treatment with the potent autophagy inducer
(—)-gossypol in the ATG5-KD cells, but not in BAG3-KD
cells (Fig. 2d). On a closer look, we also observed that
treatment with (—)-gossypol, but not with ABT-737 leads
to markedly decreased protein levels of Mcl-1, Bcl-2, and
Bcl-w, and to a lesser extent of Bcl-xL in all cell lines
(Fig. 2d).

In subsequent experiments, an annexin V/PI FACS
analysis was performed to detect early apoptotic cells
and overall cell death after treatment with ABT-737 and
(—)-gossypol. Staurosporine was used as a positive con-
trol for induction of apoptotic cell death (Fig. 3a). In 5637
cells after 48 h ABT-737 and (—)-gossypol treatment, the
annexin V-positive/PI-negative fraction representing the
early apoptotic cells and overall cell death was signifi-
cantly higher in BAG3-KD cells compared to the controls.
This cell death-enhancing effect of the BAG3 knockdown
was particularly evident after treatment with ABT-737. In
contrast, neither the annexin V-positive/PI-negative frac-
tion nor overall cell death was significantly altered in
ATG5-KD cells compared to controls (Fig. 3b, c). When
treating 5637 BAG3-KD cells with ABT-737, the total
cell death level (~80 %) exceeded that of (—)-gossypol
treatment in 5637 cells (~74 %). This phenomenon could
also be detected in the RT112 triplet, where the early

@ Springer



200 World J Urol (2016) 34:197-205

Q
A v &
§ &
& & A
kDa
29 Bcl-2
40 e e Mcl-1
20— — - Bcl-w
26 sem GEEB sewm Bcl-x|
38 o e ssse GAPDH
B 100 100 ODMSO -z-VAD  @DMSO +z-VAD
90 %0 DABT-737 -z-VAD WABT-737 +z-VAD
= 80 — 80
I X
o 10 c 0
g 60 T 60 #
° [
g 50 3 50 .
=% 2 #
< 40 o 40 — 4
> # # © *
g% o o R B <
20 o 20 * * *
T I PO ) SO M r‘i—l h =
0 0
C 5637 RT112 TCC-SUP 5637 RT112 TCC-SUP
100 100 ODMSO -z-VAD @DMSO +z-VAD
90 90 # oO(-)-gos -z-VAD m(-)-gos +z-VAD
r
— 80 — 80 *
X X
2 70 = 70
2 e0 T 60 # ,
2 50 S =0 . M —
< 40 k2 8 40 *
> # s
B2 . — 2 g 2 . .
w20 * * . 20
10 |-| 10 - I:—
0 0
5637 RT112 TCC-SUP 5637 RT112 TCC-SUP
D 5637 RT112 TCC-SUP
ABT-737  ABT-737 ABT-737 ABT-737 ABT-737  ABT-737
(]
bl DMSO  _,vAD +z-VAD DMSO zVAD  +z-VAD DMSO -z-VAD +2-VAD
9 | o R . s E 2] ol I
E k
3 : :
= 2 1 i
Q.
e ]
a M. o I
' Annexin V [
E ° 5637 RT112 TCC-SUP
2 DMSO  (-)-gos -z-VAD(-)-gos +z-VAD  DMSQ  (-)-gos -z-VAD (-)-gos +zVAD DMSO  (-)-gos -z-VAD (-)-gos +z-VAD
c :
3
"g «
Qo
e «
D- o o' 5
Annexin vV
Fig. 1 Western blot analysis of the expression of pro-survival Bcl-2 apoptotic cell death (Q4) was quantified by flow cytometric analysis.
g y p p pop q y y y

family members in 5637, RT112, and TCC-SUP cells. GAPDH #P < 0.05 versus DMSO. *P < 0.05 versus +zVAD. Representative
served as a loading control (a). Cells were pre-treated with z-VAD data from the experiment in 5637, RT112, and TCC-SUP shown in
(100 uM) for 1 h followed by treatment with 10 uM ABT-737 (b) (b) and (c) exhibited as FACS dot plot profiles (d, e)

and 15 pM (—)-gossypol (c) for 48 h. Total cell death (Q1, 2, 4) and
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Fig. 2 Western blot analysis of the expression of BAG3 and ATGS in
human urothelial epithelial cells (HUEPC), 5637, RT112, and TCC-
SUP bladder cancer cells. GAPDH served as a loading control (a).
Stable knockdown of BAG3 in 5637 and RT112 cells as shown by
Western blot analysis with a BAG3 antibody. Whole-cell lysates of
5637 and RT112 control cells transfected with empty vector (J-vec),
and BAG3-KD cells were probed and analyzed with an antibody
against BAG3. Western blot analysis of the expression of Mcl-1 in
the 5637 BAG3-KD and RT112 BAG3-KD cells. GAPDH served as
a loading control (b). Stable knockdown of ATGS in 5637 and RT112

apoptotic cells and overall cell death were significantly
higher in BAG3-KD cells compared to the controls and
ATGS5-KD cells. The fact that 5637 BAG3-KD cells are
slightly more sensitive to (—)-gossypol than 5637 cells
can be explained by the fact that pro-survival Bcl-2 pro-
teins are not the only anti-apoptotic targets of BAG3 [15].
In comparison with ABT-737, the potentiating effect of
the BAG3 knockdown on (—)-gossypol-induced cell
death is minor, clearly demonstrating that in bladder can-
cer cells, the apoptosis-sensitizing effects of the BAG3
knockdown are primarily mediated through suppression
of pro-survival Bcl-2 proteins.

cells as shown by Western blot analysis with an ATGS antibody.
Whole-cell lysates of 5637 and RT112 control cells transfected with
empty vector (#-vec), and ATG5-KD cells were probed and analyzed
with an antibody against ATGS. Western blot analysis of the expres-
sion of Mcl-1 in the 5637 ATG5-KD and RT112 ATG5-KD cells.
GAPDH served as a loading control (c). Western blot analysis of the
expression of the Bcl-2 proteins, LC3-1, and LC3-II in 5637 #-vec,
BAG3-KD, and ATGS5-KD cells. The cells were treated with 10 uM
ABT-737 and 15 uM (—)-gossypol for 48 h. GAPDH served as a
loading control (d)

Targeting the HSF1/Mcl-1 pathway sensitizes bladder
cancer cells to treatment with ABT-737

Our results obtained with the knockdown models so far
indicated that BAG3 may be crucially implicated in sup-
porting the anti-apoptotic function of Mcl-1 in bladder
cancer cells. In a pharmacological approach, we aimed
at further investigating this hypothesis by modulating the
expression of BAG3 (and its interactor HSP70) via appli-
cation of the HSF1 inhibitor KRIBB11 [16] and the mul-
tikinase inhibitor sorafenib in the parental cells. Indeed,
Western blot analysis after KRIBB11 treatment of 5637
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Fig. 3 Quantification of total cell death and apoptotic cell death by
FACS cytometry (annexin V/PI). Empty vector-transfected 5637
(#-vec) and 5637 BAG3-KD/ATGS5-KD cells were treated with 3 uM
STS (a) for 6 h, 15 pM (—)-gossypol (b) and 10 uM ABT-737 (c)
for 48 h. Empty vector-transfected RT112 (-vec) and RT112 BAG3-

cells showed decreased levels of HSF1, HSP70, BAG3,
and Mcl-1 as outlined in Fig. 4a. FACS analysis confirmed
that ABT-737 alone had only moderate effects on cell death
of 5637 cells. Combined treatment with ABT-737 and
KRIBB11, however, evoked a significant increase in early
apoptosis and overall cell death compared to single treat-
ment with ABT-737 and KRIBB11. The combination of
ABT-737 with sorafenib, a drug which is known to down-
regulate Mcl-1 [17], also induced a significant increase in
total cell death, albeit to a lesser degree than KRIBB11
(Fig. 4c, d). Western blot analysis showed strongly reduced
BAG3 levels after the ABT-737/sorafenib treatment, while
the ABT-737/KRIBB11 combination evoked total deple-
tion of BAG3 (Fig. 4b). These results demonstrate that
Mcl-1-dependent resistance to ABT-737 can be overcome
through combination with drugs targeting expression/sta-
bility of Mcl-1 and BAG3.
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Annexin V

KD/ATG5-KD cells were also treated with 10 uM ABT-737 for 48 h
(d). *P < 0.05 versus DMSO. *P < 0.05 compared with controls
(#-vec) with the same respective treatment. Representative data from
the experiment (b) and (c) in 5637 #J-vec, BAG3-KD, and ATG5-KD
exhibited as FACS dot plot profiles (e)

Discussion

Apoptosis is characterized by a cascade of molecular
events that are initiated by distinct upstream signals and
culminate in the activation of effector caspases, the major
executors of apoptotic cell death [18]. Proteins of the Bcl-2
family are key regulators of apoptosis, but also represent
important inhibitors or inducers of autophagy [19]. Bcl-2
family proteins play a pivotal role in the intrinsic (mito-
chondrial) pathway of apoptosis, which triggers increased
mitochondrial permeability and the release of pro-apoptotic
molecules into the cytoplasm.

The Bcl-2 family consists of anti-apoptotic members
such as Bcl-2, Bcel-xL, Bel-w, and Mcl-1 which are highly
overexpressed in many malignancies, e.g., bladder cancer
[2], the pro-apoptotic molecules and pore-forming multi-
domain proteins Bax and Bak, as well as the BH3-only
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proteins which couple diverse stress signals to the intrinsic
apoptosis pathway. Upon induction of the intrinsic path-
way by BH3-only proteins, Bax and Bak are inserted into
the outer mitochondrial membrane, thus promoting outer
mitochondrial membrane permeabilisation (MOMP) and
cytochrome c release [20]. In contrast, the anti-apoptotic
Bcl-2 family members block apoptosis by preventing Bax
and Bak activation and MOMP [21].

Autophagy is a regulated degradation pathway for the
removal of intracellular organelles and long-lived proteins,
and depending on the respective cellular context and its
extent/duration, autophagy can have either pro-survival or
pro-death functions [9]. The anti-apoptotic members of the
Bcl-2 family also function as anti-autophagic regulators via
their inhibitory interaction with the core autophagy factor
and non-apoptotic BH3-only protein Beclin 1, which par-
ticipates in autophagosome formation [22].

BH3 mimetics can induce apoptotic or non-apoptotic
cell death, and this apparent dichotomy appears to be cor-
related with the expression levels of pro-survival Bcl-2
family members [14]. The role of autophagy in modula-
tion of BH3 mimetic-induced cell death is currently con-
troversial. Previous studies have shown a cell type- and

N
>
Annexin V

context-dependent autophagy after treatment with ABT-737
and (—)-gossypol, which play either a death-promoting [9]
or cytoprotective role [23].

In this study, we wanted to identify the specific roles
of BAG3 and bulk autophagy in the response of blad-
der cancer cells to ABT-737. To this end, we established
stable knockdowns of BAG3, a protein that mediates a
non-canonical, selective form of autophagy to limit pro-
teotoxicity [24], but also acts in an anti-apoptotic manner
through stabilizing anti-apoptotic Bcl-2 proteins such as
Bcl-xL, and Mcl-1 [13]. In a comparative approach, we
also blocked the non-selective macroautophagy pathway by
knockdown of ATGS.

Overexpression of anti-apoptotic Bcl-2 proteins is com-
monly observed in a variety of cancers and associated with
resistance to conventional chemotherapeutic drugs. Our
expression profiling and cell death/survival assays showed
that ABT-737 and (—)-gossypol induce an apoptotic cell
death in RT112 and 5637 bladder cancer cells which is cor-
related with the expression levels of Bcl-2. The pan-Bcl-2
inhibitor (—)-gossypol induced higher levels of cell death
in comparison with ABT-737, likely due to the failure of
ABT-737 to target Mcl-1 [9]. In our experimental setting,
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the inhibition of bulk autophagy via ATGS5 knockdown
evoked no significant changes in early apoptosis and total
cell death after treatment with the apoptosis inducers stau-
rosporine, ABT-737, and (—)-gossypol in bladder cancer
cells.

Similar to Bcl-2, Mcl-1 overexpression has been
observed in a variety of human tumors such as colorectal
cancer [25]. The co-chaperone BAG3 binds to Mcl-1 pre-
venting its proteasomal degradation and thus promoting the
anti-apoptotic effect [13]. In line with our findings, a sub-
stantial expression of BAG3 has been reported in several
types of human cancers, such as glioblastoma, pancreatic
carcinoma, leukemia, and thyroid carcinoma, compared
with very low basal levels of BAG3 in non-malignant cells
[26]. In our experiments, knockdown of BAG3 signifi-
cantly decreased the protein levels of Mcl-1 and potently
increased apoptotic cell death after treatment with ABT-737
and to a minor extent after treatment with (—)-gossypol.

BAGS3 was shown to interfere with the HSP70-mediated
delivery of anti-apoptotic proteins such as Mcl-1, Bcl-
2, and Bcl-xL to the proteasomal pathway by competing
with BAG1, a protein that also functions as co-chaperone
of HSP70 [26]. In the case of Mcl-1, the BAG3 interaction
with Mcl-1 and HSP70 may prevent or destabilize the bind-
ing of Mcl-1 to HSP70, reducing the delivery of Mcl-1 to
the proteasome and supporting the anti-apoptotic activity
of Mcl-1 [13]. In line with this hypothesis and previously
published findings [27], silencing of Mcl-1 was required to
efficiently trigger ABT-737-dependent cell death, suggest-
ing that stabilization of Mcl-1 is a key mechanism of drug
resistance induced by BAG3. Under conditions of cellular
stress as induced by ABT-737 and (—)-gossypol, damaged
proteins are known to accumulate, a condition known to
trigger BAG3-dependent autophagy of client proteins [11].
Therefore, it is likely that BAG3-dependent recruitment of
the macroautophagy pathway and consolidation of cells
via decreased proteotoxicity may additionally protect them
against apoptosis.

Consistent with our data obtained here, single-agent
treatment with ABT-737 displayed only moderate cyto-
toxic effects in different types of cancer with high Mcl-1
expression, including glioblastoma [9]. One promising
approach to enhancing the cellular sensitivity to ABT-737
is the (pharmacological) neutralization of BAG3 to increase
Mcl-1 degradation via the proteasome [13]. In order to
overcome this Mcl-1-driven resistance, we pharmacologi-
cally targeted the BAG3/HSP70/Mcl-1 signaling axis by
modulating upstream activation of Mcl-1 with the small
molecule inhibitor KRIBB11. KRIBB11 was found to
selectively inhibit the transcriptional activity of HSF1 [28],
which is required for expression of both BAG3 [29] and
its interactor HSP70 [16]. Indeed, we could observe sig-
nificant synergistic effects on cell death in the combination

@ Springer

therapy with ABT-737 and KRIBBI11. Similar, albeit
weaker enhancing effects were observed after treatment
with sorafenib, a multikinase inhibitor, whose pro-apop-
totic effect was previously correlated with downregulation
of Mcl-1 expression in multiple tumors [30]. According to
the results of our preclinical study, we propose that a com-
bination therapy of the orally applicable ABT-737 deriva-
tive ABT-263 with the multikinase inhibitor sorafenib rep-
resents a promising approach for the treatment of bladder
cancer which warrants further investigation in the preclini-
cal and clinical settings.

Conclusion

Here, we demonstrate that BAG3 plays a major role for
the cell death resistance of bladder cancer cells and their
response to BH3 mimetics. Our data suggest that BAG3 is
a suitable target for combined therapies aimed at synergis-
tically inducing apoptosis in advanced bladder cancer and
may aid the design of new strategies to overcome the resist-
ance to current bladder cancer therapy.
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