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1 | INTRODUCTION
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Abstract

Solid tumour frequently undergoes metabolic stress during tumour development be-
cause of inadequate blood supply and the high nutrient expenditure. p53 is activated
by glucose limitation and maintains cell survival via triggering metabolic checkpoint.
However, the exact downstream contributors are not completely identified. BAG3 is
a cochaperone with multiple cellular functions and is implicated in metabolic repro-
gramming of pancreatic cancer cells. The current study demonstrated that glucose
limitation transcriptionally suppressed BAG3 expression in a p53-dependent manner.
Importantly, hinderance of its down-regulation compromised cellular adaptation to
metabolic stress triggered by glucose insufficiency, supporting that BAG3 might be
one of p53 downstream contributors for cellular adaptation to metabolic stress. Our
data showed that ectopic BAG3 expression suppressed p53 accumulation via direct
interaction under metabolic stress. Thereby, the current study highlights the signifi-
cance of p53-mediated BAG3 suppression in cellular adaptation to metabolic stress

via facilitating p53 accumulation.
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cells adjust to metabolically adverse conditions and whether this

character of cancer cells can be exploited for therapeutic benefit.?®

Cells adjust their proliferation according to their availability of ex-
tracellular nutrients, which support energy generation and macro-
molecular synthesis necessary to undergo division. It is reported
that glucose concentrations in tumour tissues are usually three to
10-fold lower than in peripheral normal tissues ,* which is possibly
due to poor vascularization in tumour tissues, and more glucose con-
sumption by cancer cells. Under nutrient limiting conditions, cancer
cells must modulate their metabolism to adapt to the adverse cir-

cumstance. A fundamental concern in cancer biology is how cancer

Although the tumour suppressor p53 is best known for its key
roles in the control of cell cycle and DNA damage response (DDR),
accumulating evidences reveal that p53 also regulates diverse cellu-
lar metabolic processes.* Loss of p53 permits unchecked cell cycle
progression despite glucose limitation, but finally leads to decrease
in cell viability.>® Underlying these changes, p53 integrates a set of
transcriptional processes that result in diverse cellular outcomes.
However, the exact downstream contributors underlying p53-medi-

ated cell survival upon metabolic stress are not fully explored.
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BAG3 is one member of the human BAG cochaperone family
(BAG1-6) that interacts with the ATPase domain of the heat shock
protein 70 (HSP70) via conserved BAG domain.”® BAG3 exhibits a
wide range of biological functions including the regulation of stress
responses, autophagy, cellular survival, apoptosis and viral replica-
tion.”*® BAG3 is constitutively expressed in cardiac myocytes and
skeletal muscle cells, but is induced by different stimuli in many other
cell types.”**1 Inducible BAG3 expression usually serves as a cel-
lular protective mechanism against stressful stimuli.”1621 Recently,
we have demonstrated that BAG3 promotes aerobic glycolysis and
growth of pancreatic cancer cells by stabilizing HK2 mRNA via inter-
action with HK2 transcripts,?? assigning BAG3 another functions to
RNA binding and metabolic reprogramming.

In the present study, we show that BAG3 is suppressed in a
p53-dependent pattern under metabolic stress triggered by glucose
limitation. Ectopic BAG3 expression inhibits p53 accumulation via
direct interaction and compromises cellular adaptation to glucose
limitation. To our knowledge, the current study for the first time
demonstrates that p53-mediated suppression of BAG3 facilitates
p53 accumulation and cellular survival upon glucose insufficiency-
induced metabolic stress. These results significantly enhance our
understanding on the molecular mechanism(s) by which cells adapt
to metabolic stress. Moreover, these insights provide a novel ther-
apeutic target to alter metabolic activity and selectively eliminate
cancer cells.

2 | MATERIALS AND METHODS

2.1 | Cellline cultivation

HCT116, Bel-7402 and MCF7 cells were maintained in DMEM
(Biological Industries, Bl) that was supplemented with 10% foetal

bovine serum (Biological Industries, Bl).

2.2 | Chromatin immunoprecipitation (ChIP)

Chromatin immunoprecipitation assays were performed using a kit
from Upstate Biotechnology Inc The cells were fixed with 1% for-
maldehyde to cross-link chromatin according to the manufacturer's
instructions. The cell lysates were prepared and sonicated on ice to
break chromatin DNA to an average length of 400 bp. After a pre-
clearing step, immunoprecipitation was carried out at 4°C overnight
with anti-p53 antibody or normal goat IgG (negative control anti-
body). Immune complexes were collected with salmon sperm DNA
saturated protein A-agarose beads. After extensive washing, the im-
munoprecipitated complexes were eluted with 0.1 mol/L NaHCO,
and 1% SDS. The protein-DNA cross-links were then reversed by
incubating at 65°C for 5 hours. DNA was subsequently purified using
a proteinase K digestion with a phenol: chloroform extraction and
an ethanol precipitation. Real-time PCR was performed using PCR
primers specific for the BAG3(Gl: 9531) RE1 sequence between nu-
cleotide positions —29885 and -29876 including the forward primer
5-GTGATTCTCCCACCTCAGCCTTCT-3"' and the reverse primer

5'-GGCCAATGTAGTGAAACCCCGTCT-3. PCR amplification re-
sulted in a 110 bp product that contained the BAG3 RE1 sequence.
In addition, PCR amplification was conducted to amplify the RE2 se-
quence between nucleotide positions +5143 and +5152 using the
forward primer 5'-ACAGGCTAAAAGTGGGTTGGA-3' and the re-
verse primer 5'- TGTGGCCCAGAAGCCACTTA-3'), which generated
an 85 bp product. In addition, the p21 sequence was used as a posi-
tive control by amplifying the sequence between -2421 and -2412
positions using the forward primer 5'-CTGAGCCTCCCTCCATCC-3'
and the reverse primer 5-GAGGTC TCCTGTCTCCTACCA TC-3',
which generated a 189 bp amplification product. Standard curves
were then calculated from the amplification data. The abundances
of the BAG3 promoter that were amplified were considered as the
IP and Input. In order to facilitate comparison, amplification results

were expressed as IP/Input ratios of PCR products.

2.3 | Label and capture nascent RNA

Nascent synthesized RNA was labelled and captured using the Click-
iT Nascent RNA Capture kit (Thermo Fisher Scientific). Cells were
pulsed with 5-ethynyl uridine for 4 hours. Total RNA was isolated
and subjected to nascent RNA capture and analysed by real-time
PCR.

2.4 | Cell proliferation assay

Cells were seeded into six-well plates at a density of 100 000 cells
per well, 2 mL of medium supplement 10% FBS per well. Change
the medium every 24 hours. The cells were incubated with trypan
blue solution at 1:1. Cell number was determined by counting with
automated cell count kit.

2.5 | Detection of apoptotic cell death

To detect apoptotic cell death, cells were washed twice with PBS and
then stained using the Annexin V/PI Apoptosis Detection Kit accord-
ing to the manufacturer's instructions. After staining with Annexin V
and PI for 30 minutes, samples were analysed using a fluorescence-

activated cell scanner flow cytometer.

2.6 | Western blot and immunoprecipitation

Cells were cultured and harvested followed by lysing in buffer con-
taining 20 mmol/L Tris-HCI, 150 mmol/L NaCl, 2 mmol/L EDTA, 1%
Triton-X100 and freshly added protease and phosphatase inhibitors.
Equivalent amounts of protein were subjected to SDS-PAGE under
reducing conditions in 10% SDS-PAGE and then transferred to PVDF
membranes. Cell lysates were pre-cleared with protein A/G mag-
netic beads for immunoprecipitation, and the protein A/G magnetic
beads were treated with various antibodies followed by incubation
overnight at 4°C. The immunoprecipitants were washed with lysis
buffer three times and analysed by Western blot analysis, which was
performed using primary antibodies against Flag, Myc antibodies.
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The following antibodies were used in this study: BAG3 (GeneTex);
p53(DO-1, Santa Cruz, 49-1031, Thermo Fisher); Flag (Cell Signalling
Technology); and p62, GAPDH (Millipore).

2.7 | Crystal Violet Assay

To visualize cells with crystal violet, cells were seeded into 12-well
plates at a density of 50 000 cells per well along with 1 mL of media
that was supplemented with 10% FBS and 1 mmol/L glucose, fol-
lowed by incubation for 16 hours. After complete washing with PBS,
cells were incubated with crystal violet solution for 30 minutes at
room temperature. The stain was solubilized in 33% acetic acid, and

staining was evaluated at 570 nm.

2.8 | Cell Cycle Analysis

To investigate alteration of cell cycles, cells in logarithmic growth
phase were seeded into six-well plates and maintained in FBS-free

medium for 12 hours. The cells were then fixed in 70% ethanol over

18 hours. The fixed cells were stained with a 50 pg/mL propidium
iodide (Pl) solution and Rnase A for 1 hour. The fluorescence was
measured using the Becton Dickinson FACScan. Cell Cycle phase
analysed by ModFIT software.

2.9 | Insitu proximity ligation assay

In situ proximity ligation assays (PLA) were conducted using the
Duolink PLA kit (Sigma-Aldrich) according to the manufacturer's pro-
tocol. For these analyses, cells were seeded into a chamber slide at a
concentration of 5000 cells per well. PLA probes were diluted in the
appropriate buffer at a ratio of 1:5 and added to the sample, incu-
bated 1 hour at 37°C. Ligation, dilute the 5x Ligation buffer 1:5 in high
purity water and mix for 1 hour and wash the slides 5 minutes in 1x
Wash Buffer A at room temperature. Amplification, tap off the liga-
tion solution from the slides, add polymerase to the 1x amplification
buffer at a 1:80 dilution and mix. Incubate the slides in a pre-heated
humidity chamber for 100 minutes at 37°C. Fluorescence was visual-

ized under a confocal microscopy, using at least a 60x objective.
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2.10 | Isolation and culture of MEF cells

Pregnant mice at 13 or 14 days post-coitum were sacrificed by cervi-
cal dislocation and the limbs, heads and bones were removed for dis-
sected genotyping. Recovered tissues were then transferred to a new
petri dish containing cold PBS, and the remaining tissues were incu-
bated with trypsin containing DNase I. Isolated cells were then trans-
ferred to Collagenase IV for 1 hour. Place the 200 mesh screen in a
new dish and drop the cell suspension onto the screen for filtration.
Primary MEF cells can attach to the walls of flasks. Consequently,
primary MEF cells were maintained in DMEM that was supplemented
with 10% foetal bovine serum and incubated at 37°C with 5% CO,,.

2.11 | Statistical analyses

The statistical significance of differences among data was analysed
with an analysis of variance (ANOVA) and post hoc Dunnett's tests.
Statistical significance was defined as P < .05. All experiments were
repeated in triplicate, and the data are expressed as the mean + SD

(standard deviation).

3 | RESULTS

3.1 | Glucose insufficiency specifically decreases
BAG3 expression in a p53-dependent manner

The activity of p53 is critical for cell survival upon metabolic stress in-

duced by lack of glucose. However, the exact its downstream effectors

remained largely unknown. Real-time PCR shows that BAG3 was sig-
nificantly decreased by extremely low glucose (1 mmol/L) in HCT116
cells with wild-type p53 (p53+/+), while its expression was unaltered in
HCT116 cells with p53 deletion (p53-/-) (Figure 1A). Consistent with
mRNA expression, Western blot demonstrated that 1mM glucose cul-
ture decreased BAGS3 expression in p53+/+ HCT116 cells, while unal-
tered BAG3 expression in p53-/- HCT116 cells (Figure 1B). It should
be noted that compared with its control partner, p53 null HCT116
cells exhibited higher BAG3 expression levels under high glucose cul-
ture condition (Figure 1A,B). Similar like in HCT116 cells, low glucose
decreased BAG3 mRNA (Figure 1C) and protein (Figure 1D) in p53+/+
MEF cells. In addition, deletion of p53 increased BAG3 expression in
MEF cells, which was unaltered by low glucose (Figure 1C,D). Low glu-
cose also decreased BAG3 mRNA (Figure 1E) and protein (Figure 1F)
expression levels in Bel-7402 and MCF7 cells, both of which contain
wild-type p53. Nascent RNA analysis demonstrated that glucose in-
sufficiency significantly decreased novel synthesis of BAG3 mRNA in
HCT116 cells with p53 (Figure 1G). These data indicated that BAG3
might be suppressed by glucose insufficiency in a p53-dependent
manner. Searching on BAG3 gene found two potential p53 responsive
elements (RE1 and RE2) located on distant upstream and intron 1 of
BAG3 gene, respectively (Figure 1H). ChIP was then performed and
demonstrated that p53 was recruited to both RE1 and RE2 of BAG3
gene, which was increased by glucose insufficiency (Figure 1l). As a
positive control, p53 was recruited to p21 promoter, which was aug-
mented by glucose insufficiency (Figure 11). On the contrary, a frag-
ment BAG3 intron that does not contain a potential p53 responsive

element (NRE) was not immunoprecipitated by p53 (Figure 1I).
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3.3 | BAG3 reduction is a protective response of
cells to glucose insufficiency

To investigate the possible function of BAG3 down-regulation in
response to glucose insufficiency, BAG3 was ectopically intro-
duced to HCT116 cells (Figure 3A). Forced BAG3 expression sig-
nificantly decreased viable HCT116 cell numbers irrespective of
p53 status under low glucose culture (Figure 3B). Flowcytometry
demonstrated that ectopic BAG3 expression increased apoptosis of
HCT116 cells under low glucose culture irrespective of p53 status
(Figure 3C), but the only small effect is observed in p53 KO cells
when comparing empty to BAG3, whereas in p53 WT cells there
is much more apoptosis in BAG3 comparing to empty condition, so
the ectopic BAG3 increased apoptosis of HCT116 cells dependent
or partial dependent p53. Cell cycle progression is sensitive to nu-
trient availability. p53 is activated and plays a critical role in the cell
cycle arrest under low glucose culture. However, our understanding
on how BAG3 intersects with cell cycle progression is incomplete.
The glucose limitation activates p53 signalling, including p21 ex-
pression. Western blot proved that glucose limitation p53-depend-
ently induced p21 in HCT116 cells (Figure 3D). Cell cycle analyses
demonstrated that glucose insufficiency blocked p53+/+ HCT116
cells at G1 phase significantly, while cells with p53 deletion or ec-
topic BAG3 expression continued cell cycle progression despite
lack of glucose, leading to a rapid decline in cell viability.(Figure 3E).
BAG3 was ectopically introduced to MCF7 and Bel-7402 cells
(Figure 3F). Ectopic BAG3 expression decreased viability of MCF7
(Figure 3G) and Bel-7402 (Figure 3H) cells cultured under extremely
low glucose condition. In addition, ectopic BAG3 expression com-
promised G1 arrest triggered by glucose insufficiency in both MCF7
(Figure 3l) and Bel-7402 (Figure 3J) cells. MEF cells were then sepa-
rated from the control or BAG3 knock-in (KI) embryos (Figure 3K).
BAG3 increased proliferation of MEF cells under high glucose cul-
ture, while decreased MEF cell viability upon glucose insufficiency
(Figure 3L). In addition, glucose insufficiency did not trigger cell
cycle arrest in MEF cells with BAG3 Kl (Figure 3M).

3.4 | BAG3 decreases p53 activity under glucose
insufficiency

Ectopic BAG3 decreased p53 expression under both high and ex-
tremely low glucose culture in HCT 116 (Figure 4A), MCF7 and
Bel-7402 (Figure 4B), as well as MEF (Figure 4C) cells. Consistent
with p53 expression, luciferase activity assays demonstrated that
glucose insufficiency significantly increased the luciferase activity
of pGL13 Luc construct, which contains p53 responsive element,
in HCT116 cells (Figure 4D). Ectopic BAG3 expression significantly
decreased the luciferase activity of pGL13 Luc under glucose insuf-
ficiency (Figure 3D). The luciferase activity of control Luc construct

was significantly decreased by glucose insufficiency in control
HCT116 cells, while it was rarely affected in cells with ectopic BAG3
expression (Figure 4D). Similar regulation of control and pGL13 Luc
activities by ectopic BAG3 expression was observed in MEF cells
(Figure 4E).

To explore the potential mechanisms underlying maintenance of
control Luc expression under glucose insufficiency by ectopic BAG3
expression, novel protein synthesis was analysed using HPG and
demonstrated that glucose insufficiency significantly blocked pro-
tein synthesis in control HCT116 (Figure 4F) and MEF (Figure 4G)
cells. On the other hand, HCT116 (Figure 4F) and MEF (Figure 4G)
cells with BAG3 overexpression demonstrated active protein syn-
thesis under glucose insufficiency. BAG3 knockdown increased p53
expression in HCT116 cells (Figure 4H). BAG3 knockdown sup-
pressed proliferation of HCT116 cells under high glucose culture,

while increased cell viability upon glucose insufficiency (Figure 41).

3.5 | BAG3 promotes calpain-dependent p53
degradation under metabolic stress

Real-time PCR demonstrated that no unanimous regulation of p53
mRNA was observed by glucose limitation in HCT116 cells, as well as
Bel-7401 and MCF7 cells (Figure 5A). These data indicated that glu-
cose insufficiency may induce p53 expression mainly at the protein
level. Western blot demonstrated that p53 was effectively induced
by glucose insufficiency at 4 and 1 hour in control HCT116 and MEF
cells, respectively, which was delayed to 8h exposure in cells with ec-
topic BAG3 expression (Figure 5B). At p53 was significantly induced
at 8 hours in both control and ectopic BAG3 expression cells, cells
were then cultured with extremely low glucose for 8 hours in the
presence of MG132 to block proteasomal and E64D/pepstatin A to
block lysosomal degradation of p53, respectively, or cycloheximide
(CHX) to block novel protein synthesis. CHX significantly suppressed
p53 accumulation induced by glucose insufficiency in cells infected
with both empty and BAGS3 containing lentivirus (Figure 5C). Even in
the presence of CHX, ectopic BAG3 expression decreased p53 levels
(Figure 5C). MG132 demonstrated no effect, whereas E64D/pepsta-
tin A completely blocked ectopic BAG3-mediated p53 reduction in
HCT116, MEF, MCF7 and Bel-7402 cells (Figure 5C). Ectopic BAG3
demonstrated no constant effect on autophagy under glucose insuf-
ficiency in HCT116 (Figure 5D), MEF (Figure 5E), MCF7 and Bel-7402
(Figure 5F) cells, excluding the possibility that BAG3 promoted non-
selective degradation of p53 by autophagy. It has been reported that
p53 is degraded via calpain-dependent manner under some circum-
stance,22 EDTA was then used to chelate Calcium to block calpain
activity, and in addition, a specific calpain inhibitor Z-LLY-FMK was
also used. Similar like E64D/pepstatin A, both EDTA and Z-LLY-FMK,
significantly increased p53 expression in HCT116 cells with forced
BAGS3 expression cultured under 1mM Glucose (Figure 5G).

FIGURE 4 BAGS3 decreases p53 activity under glucose insufficiency. (A-C), immunoblot analysis of p53 expression in HCT116 (A), MCF7
and Bel-7402 (B), and MEF (C) cells. D-E, Luciferase assays for p53 responsive construct in HCT116 (D) or MEF (E) cells. (F-G), Analysis of
novel protein synthesis by HPG incorporation in HCT116 (F) or MEF (G) cells. H, immunoblot analysis of BAG3 expression in HCT116 cells. |,

crystal violet assay for HCT116 cells
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FIGURE 5 BAGS3 promotes calpain-
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3.6 | BAG3 compromises cellular adaption to
metabolic stress via direct interaction with p53

As global screen of BAG3 interactomes has identified p53 might
be a potential binding partner of BAG3, we then explored whether
BAG3 promoted calpain-dependent p53 degradation via their
interaction. DuoLink PLA confirmed that endogenous BAGS3 di-
rectly interacted with p53 in HCT116, MCF7 and Bel-7402 cells
(Figure 6A). In addition, co-IP using mutant BAG3 constructs with-
out WW, PxxP or BAG domain demonstrated that full-length (FL)
BAG3 and mutant BAG3 without WW or PxxP domain coimmu-
noprecipitated with p53, while deletion of BAG domain blocked
interaction of BAG3 with p53 (Figure 6B), indicating that BAG3
interacted with p53 through its BAG domain. Truncated p53 con-

structs were then generated, and co-IP demonstrated that FL p53,

p53 fragment with 61-289%aa, as well as p53 fragment with 1-102aa
coimmunoprecipitated with BAG3 (Figure 6C), indicating that p53
interacted with BAG3 through its 61-102aa. To confirm whether
BAG3 destabilized p53 via interaction, p53 expression was in-
vestigated in HCT116 cells were transfected with mutant BAG3
constructs. Consistent with co-IP data (Figure 6B), similar like
FL BAG3, mutant BAG3 without WW or PxxP domain also sup-
pressed, while mutant BAG3 without BAG domain demonstrated
no obvious effect on p53 accumulation triggered by glucose limi-
tation (Figure 6D). Compared with FL BAG3, mutant BAG3 with
WW or PxxP deletion exhibited similar extent of suppression on
cell viability under glucose limitation for 16 hours (Figure 6E). On
the other hand, deletion of BAG domain significantly rescued the
suppressive effect mediated by BAG3 (Figure 6E). These data in-
dicated that BAG3 suppressed cellular viability under metabolic
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stress at least partly by suppression of p53 accumulation via direct
interaction. It should be noted that mutant BAG3 with BAG dele-
tion still reduced cell viability under glucose limitation, although
with some smaller degree (Figure 6E), indicating that alternative
mechanism(s) except for p53 might underly regulation of cellular

response to metabolic stress by BAG3.

4 DISCUSSION

|
Sufficient glucose supply is a mandatory requirement for execution
of replicative cell division. Proliferating mammalian cells sense meta-
bolic stress induced by short of nutrient supply, once glucose provi-
sionis insufficient, cell cycle checkpoint occurs at the G1/S boundary
despite the sustained availability of amino acid substrates.’ The co-

ordination of glucose availability with cell cycle transition permits

cell to adjust to unfavourable microenvironments and represents
a nutrient-sensing pathway to suspend cell growth before nutrient
availability falls below threshold that cannot sustain cell survival any
more.’ Therefore, understanding signalling pathways underlying cel-
lular adaptation to metabolic stress has emerged as a focus in the
field of cancer.

In addition to its critical functions in the control of cell cycle and
DNA damage response, the tumour suppressor protein p53 regulates

a range of cellular metabolic procedures including glycolysis,z‘?"24

ox-
idative phosphorylation,?® pentose phosphate pathway (PPP),%> and
glutaminolysis.?® In addition, activation of p53 by glucose limitation
plays a critical role to suppress cell cycle progression.5 In contrast
to its role in promoting apoptosis after DNA damage stress, p53
also contributes to cellular survival during metabolic stress that is
induced by glucose limitation.® p53 is well known for its function as

a transcription factor, and its activation produces versatile biological
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consequences by coordinating various integrated transcriptional
processes. Thereby, decoding the contributors underlying a specific
function of p53 is a significant problem in the area of p53 research.
However, the exact downstream molecules underlying its protective
role during metabolic stress are not completely studied. The present
study demonstrated that metabolic stress induced by glucose lim-
itation suppressed BAG3 expression in HCT116 and MEF cells bur-
den WT p53, while had no effect in p53 null HCT116 and MEF cells,
indicating that glucose insufficiency might inhibit BAG3 expression
in a WT p53-dependent pattern. Two potential p53-responsive ele-
ments were identified in BAG3 gene. In addition, the current study
demonstrated that p53 was recruited to potential p53-responsive
elements located on the BAG3 gene, which was enhanced by glu-
cose insufficiency. These data verified BAG3 as a novel unreported
p53-responsive gene under metabolic stress induced by glucose lim-
itation. However, as most cancer cells burden mutant p53, but not
complete deletion of p53, whether mutant p53 could repress BAG3
expression upon glucose insufficiency requires further investigation
in the future study.

BAG3 plays a far-ranging regulatory function in apopto-
sis, development, cytoskeleton arrangement and autophagyf)’10
Induction of BAG3 generally endows survival under stressful cir-
cumstance while its down-regulation promotes apoptosis in a vari-
ety of cell models. Consequently, induction of BAG3 is considered
as a protective anti-stress response. However, counterintuitive
for an envision of stress-inducible and pro-survival gene, the cur-
rent study demonstrated that BAG3 was suppressed rather than
induced by metabolic stress mediated by glucose limitation. In ad-
dition, hindrance of BAG3 down-regulation dampened cell survival
during glucose limitation, indicating that BAG3 down-regulation
downstream of p53 activation might be a protective mechanism
underlying adaption of cells to metabolic stress induced by glucose
insufficiency. Further investigations are needed to clarify whether
BAG3 is responsive to p53 activation and suppressed by other
stimuli, such as DNA damage, as well as the potential involvement
of BAG3 regulation under such circumstances. In addition, the
mechanism(s) underlying pro-survival and anti-survival function
of BAGS3 remains large unknown, which requires further investi-
gation. BAG3 has a modular structure with multiple protein-inter-
acting domains. Thereby dynamic interaction with distinct sets
of proteins might be responsible for its seemingly contradictory
effect under different circumstances. Alternatively, post-transla-
tional modification might also provide BAG3 with discrepant func-
tion. For example, phosphorylation of BAG3 at Ser178 promoted,
while non-phosphorylatable BAG3 mutant decreased migration
and invasion of thyroid cancer cells.?”

BAGS3 interacts with diverse proteins, which enables it to partic-
ipate in various biological and pathological pathways. The current
study demonstrated that BAG3 directly interacts with the proline-
rich domain of p53 through its BAG domain. In addition, the current
study exhibited that BAG3 promoted degradation of p53 via a cal-
pain-dependent manner via direct interaction, since mutant BAG3
with BAG deletion had no effect on the stability of p53. The current

WILEY--

study demonstrated a loop regulation between p53 and BAG3 under
metabolic stress induced by glucose limitation: p53 suppressed
BAGS3 expression at the transcriptional level via its recruitment to
the BAG3 gene, while BAG3 promoted calpain-dependent degrada-
tion of p53 via direct interact with its protein. Thereby, BAG3 sup-
pression by p53 may constitute a positive adjustment to guarantee
p53 accumulation during metabolic stress.

In summary, this study demonstrates the importance of p53-me-
diated BAG3 suppression in protection of cells from metabolic stress
induced by glucose limitation. BAG3 directly interacts with p53 to
promote calpain-dependent degradation of p53, and thereby, BAG3
suppression liberates p53 and facilitates its accumulation during
metabolic stress. The current study provides important insights for
understanding the molecular mechanism(s) underlying the p53-me-
diated cellular adaptation to metabolic stress. The results from this
study thus provide a potential opportunity to develop novel thera-

peutic strategy to get rid of cancer cells.
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