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Highlights
e PCB quinone metabolite elicited both autophagy and apoptosis.
e Relocation of ATG5 and Beclinl suggested autophagy-to-apoptosis signaling.

e HMGBLI1 and p53 regulate PCB quinone-induced autophagy and apoptosis.
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ABSTRACT

Autophagy, which works to remove stress and maintain cellular homeostasis, is usually
considered a “pro-survival” signal. Contrarily, apoptosis is programmed ““pro-death” machinery.
Polychlorinated biphenyls (PCBs) are a group of ubiquitous industrial pollutants. Our previous
studies illustrated that a PCB quinone metabolite, PCB29-pQ, elicited both autophagy and apoptosis.
However, the signaling underlying the autophagy and apoptosis cross-talk has not been
characterized. Here, we found that PCB29-pQ-induced autophagy mainly occurred at a lower
concentration (5 pM), while apoptosis mostly arose at a higher concentration (15 uM) in HepG2
cells. Next, we demonstrated the elevation of intracellular calcium levels and calpain activity with
PCB29-pQ treatment; however, the unaffected subcellular location of truncated ATG5 and Beclinl
suggested the irrelevance of calpain towards the autophagy-to-apoptosis signaling shift. HMGB1 and
p53 both serve as transcription factors that play crucial roles in the regulation of PCB29-pQ-induced
autophagy and apoptosis. PCB29-pQ not only enhanced the expression of HMGB1 and p53 but also
promoted their binding and cytosolic translocation. Interestingly, HMGBL1 rather than p53 plays a
primary role in 5 uM of PCB29-pQ-induced autophagy in the nucleus; however, p53 promoted
apoptosis to a great extent in the cytosol at the dose of 15 uM PCB29-pQ. Together, HMGB1 and
p53 provided a subtle balance between autophagy and apoptosis, thus determining the fate of

PCB29-pQ-treated cells.



Abbreviations

ATG5, autophagy specific gene 5; Bak, Bcl-2-antagonist/Killer; Bax, Bcl-2 associated X protein;
Bcl-2, B-cell lymphoma-2; Cyt c, cytochrome ¢; DRAM, damage-regulated autophagy modulator;
HMGBL1, high mobility group box 1; HSPB1, heat shock protein family B (small) member 1; LC3B,
light chain 3B; MMP, mitochondrial membrane potential; PCBs, polychlorinated biphenyls; PI3K,
phosphoinositide 3-kinase; RAGE, receptor for advanced glycation end products; TUNEL, terminal
deoxynucleotidyl transferase (TdT)-mediated dUTP nick end labeling; ULK1, unc-51 like autophagy

activating kinase 1
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1. INTRODUCTION

Polychlorinated biphenyls (PCBs) are a series of persistent organic pollutants that have been
widely distributed throughout the environment, even after being banned for more than thirty years.
PCBs bio-accumulate and bio-amplify through the food chain and eventually reach considerable
levels in the human body. PCBs even transfer to human embryos through the placenta and to infants
through mother's milk (Safe, 1994). Recently, there has been growing concern about the adverse
effects of PCBs. Numerous PCB-related toxicities have been documented, including endocrine
toxicity, neurotoxicity, immunotoxicity, and genotoxicity (Crinnion, 2011; Robertson and Hansen,

2001).



Due to different numbers and positions of chlorination for each PCB congener, their antagonism
towards chemical and biological metabolism are various. In general, highly chlorinated PCBs are
more stable, while low chlorinated PCBs are metabolized relatively quickly. Recently, Grimm et al
summarized the metabolic pathways and corresponding metabolites of polychlorinated biphenyls
(Grimm et al., 2015). Hydroxylated polychlorinated biphenyls (OH-PCBSs), which are produced by
oxidative transformation of parent PCBs, are the most abundant metabolites (Tehrani and VVan Aken,
2014). Indeed, OH-PCBs have been detected in wildlife, air, water and sediments at levels
comparable to the parent PCBs (Eguchi et al., 2012; Tehrani and Van Aken, 2014; Weiss et al.,
2006). Of note, the toxic mechanisms of the individual PCB metabolites remain poorly understood.
Interestingly, growing evidence has shown that PCB metabolites, e.g., OH-PCBs, exert stronger
toxic effects than their parent PCBs (Bhalla et al., 2016; Montano et al., 2013; Ptak et al., 2010).

Recently, our group has been devoted to disclosing the toxicities of a further oxidized form of
OH-PCBs, namely, PCB quinones. The existing data demonstrated that PCB quinones mediate
multiple cellular signaling pathways. For instance, PCB quinone induces mitochondrial- (intrinsic)
death receptor- (extrinsic) (Song et al., 2015) and endoplasmic reticulum-related apoptosis (Xu et al.,
2015Db). Interestingly, PCB quinone also triggers autophagy (Doll et al., 2016). The general function
of autophagy is to remove stress and maintain cellular homeostasis, usually being considered a “pro-
survival” signaling. However, severe autophagy may lead to a pro-death response; therefore
autophagy is classified as a type 1l programmed cell death (Debnath et al., 2005; Gozuacik and
Kimchi, 2004). Recently, accumulating evidence has illustrated that autophagy and apoptosis
signaling might communicate with each other and exhibit mutual inhibition (Baehrecke, 2005;

Maiuri et al., 2007; Marino et al., 2014; Mukhopadhyay et al., 2014). Notably, autophagy and



apoptosis can be detected under the same stress conditions, which implies that autophagy and
apoptosis have common regulators (Maiuri et al., 2007). To this end, we sought to define the

molecule(s) controlling autophagy and apoptosis in PCB quinone-challenged cells.

2. MATERIALS AND METHODS
2.1 Materials and Reagents

2,3,5-Trichloro-6-phenyl-[1,4]-benzoquinone (PCB29-pQ, structure shown in Table of
Content) was synthesized and characterized following our previous method (Song et al., 2008). A
mitochondrial membrane potential (MMP) assay kit with JC-1, a one-step terminal deoxynucleotidyl
transferase (TdT)-mediated dUTP nick end labeling (TUNEL) apoptosis assay Kit, protein A+G
agarose and pifithrin-a were purchased from Beyotime Institute of Biotechnology (Nanjing, China).
Rabbit Bcl-2-antagonist/killer 1 (Bak), Bcl-2 associated X protein (Bax), B-cell lymphoma-2 (Bcl-2),
caspase 9, cytochrome ¢ (Cyt ¢), Beclinl, and damage-regulated autophagy modulator (DRAM)
polyclonal primary antibodies were obtained from Wanleibio (Shenyang, China). Rabbit autophagy
specific gene 5 (ATGD5), light chain 3B (LC3B), cleaved caspase 3, calpain, COX-I1V, Lamin B, p53,
mouse p53 primary antibodies and Alexa Fluor 488-labeled goat antimouse/antirabbit 1gG (H+L)
were obtained from Proteintech Group, Inc. (Wuhan, China). Rhodamine (TRITC)-conjugated
AffiniPure goat anti-rabbit 1gG (H+L) was supplied by ZSGB-BIO (Beijing, China). Anti-high
mobility group box 1 (HMGBL1) rabbit polyclonal antibody was purchased from Bioss Biotech Co.
Ltd. (Beijing, China). Rabbit unc-51 like autophagy activating kinase 1 (ULK1), heat shock protein
family B (small) member 1 (HSPB1) and B-actin antibodies, Goat anti-rabbit IgG HRP-conjugated

secondary antibody, a cytosolic/mitochondrial protein extraction kit and a nucleoprotein extraction



kit were supplied by Sangon Biotech Company, Ltd. (Shanghai, China). 1,2-Bis(2-amino-phenoxy)
ethane-N, N, N, N-tetraacetic acid (BAPTA-AM, Ca?" chelator) was obtained from TCI Chemical
Industry Development Co. Ltd. (Shanghai, China). Fluo-3 AM was obtained from Fanbo
Biochemicals (Beijing, China). Suc-LLVY-AMC was obtained from Boston Biochem Inc.
(Cambridge, MA). PD151746 (calpain inhibitor) was obtained from Selleck (Shanghai, China). Ethyl
pyruvate (EP, HMGBL. inhibitor) was purchased from Aladdin Reagent Database Inc. (Shanghai,
China). p53 and HMGB1 siRNAs and siRNA-mate transfection reagent were supplied by
GenePharma Co., Ltd. (Shanghai, China). Dulbecco’s modified Eagle’s medium (DMEM) was
purchased from Nanjing KeyGEN Biotech. Co., Ltd. (Nanjing, China) and fetal bovine serum was
purchased from Hangzhou Sijiging Biological Engineering Materials Co., Ltd. All other chemicals

used were of the highest commercial grade.

2.2 Cell Culture and Treatment

Human hepatoma HepG2 cells were purchased from Nanjing KeyGEN Biotech. Co., Ltd. Cells
were cultured in DMEM containing 10% fetal bovine serum, 100 U/mL penicillin and 100 pg/mL
streptomycin at 37°C in a 5% COz2 incubator. Cells were treated with different concentrations of

PCB29-pQ.

2.3 Cell Viability
Cell viability was determined by CCK-8 according to the manufacturer’s instruction. Briefly,
HepG2 cells were seeded in 96-well culture plates at 10* cells/well. The cells were adhered overnight

and exposed to a designed concentration of PCB29-pQ. Then, the medium was removed from each



well, and CCK-8 solution was added. After 3 h incubation, the optical density (OD) value was

recorded at 450 nm using a microplate reader (BioTek ELX800, \Vermont).

2.4 Assay for MMP

HepG2 cells were seeded into 6-well plates at 3x10° cells/mL with 2 mL of medium and
cultivated for 24 h to adhere. After treatment with PCB29-pQ for 24 h, the cells were stained with
JC-1 staining solution (5 mg/mL) at 37°C for 20 min. Then, they were washed twice with JC-1
staining buffer (1x) and added to 2 mL medium without serum. Finally, the cells were observed
immediately under a fluorescence microscope (Olympus 1X71). In addition, MMP fluorescence
intensity was measured by a fluorescence spectrophotometer (HITACHI F-7000) at Ex/Em=490/530

nm (JC-1 monomer) and at Ex/Em=525/590 nm (JC-1 aggregate).

2.5 Protein Extraction

HepG2 cells were seeded into a dish (60 mm) at 10° cells/ml with 5 mL of medium and
cultivated for 24 h to adhere, and after being treated with PCB29-pQ, the cells were washed twice
with PBS and lysed with RIPA lysis buffer for 30 min. The cell lysate was collected by
centrifugation at 10,000 g at 4°C for 10 min for total protein extraction. Corresponding Kits were
used for cytosolic/mitochondrial or cytosolic/nuclear protein extraction according to the
manufacturer’s instructions. The concentration of protein was tested by Bradford Protein Assay Kit

(Nanjing Jiancheng Institute of Biotechnology, Nanjing, China).

2.6 Co-immunoprecipitation (Co-1P)



HepG2 cells were seeded into a dish (100 mm) at 6x10° cells/ml with 10 mL of medium and
cultivated for 24 h to adhere. After being treated with PCB29-pQ, cells were lysed with RIPA buffer
and collected by centrifugation at 10,000 g for 10 min. Two micrograms of p53 or HMGB1 antibody
was added to approximately 1 mg of the cell lysate. Then, Protein A+G agarose was used to
resuspend with the lysate at 4°C overnight. The mixture was centrifuged at 2,500 g for 5 min, and the
pelleted agarose was washed five times with PBS at 2,500 g for 5 min. Next, the sample was
resuspended in 40 pL loading buffer and heated at 97°C for 10 min. Then, the sample was

centrifuged at 2,500 g for 5 min, and the supernatant was collected for Western blotting analysis.

2.7 Western Blotting Analysis

Samples were separated by 10% or 12.5% SDS-PAGE, transferred onto nitrocellulose
membranes and blocked in 5% nonfat dry milk at 37°C for 1.5 h. Then, the membranes were
incubated with primary antibodies at 4°C overnight or 37°C 3 h. After washing in TBST three times,
the membranes were incubated with appropriate secondary antibodies conjugated to horseradish
peroxidase at 37°C for 2 h. Finally, the proteins were visualized using the ECL system (Beyotime

Biotechnology, Shanghai, China).

2.8 Immunofluorescence Staining

HepG2 cells were plated onto confocal dishes and cultured to adhere at 37°C and 5% COs..
After being treated with PCB29-pQ, the cells were washed with PBS, fixed in 4% paraformaldehyde
for 30 min and permeabilized with 1% Triton X-100 for 20 min. After blocking with 10% BSA at

4°C for 1 h, cells were incubated with primary rabbit LC3B at 4°C overnight and then incubated with



Alexa Fluor 488-labeled goat anti-rabbit 1gG (H+L) for 1 h. Alternatively, cells were incubated with
primary rabbit HMGB1 antibody and mouse p53 antibody at 4°C overnight, then, they were
incubated with secondary antibody, Alexa Fluor 488-labeled goat anti-mouse 1gG (H+L) and
Rhodamine (TRITC)-conjugated AffiniPure goat anti-rabbit 1gG (H+L) at 37°C for 1 h. Finally, the

cells were analyzed with a fluorescence microscope (OLYMPUS 1X71).

2.9 TUNEL Assay

After treating with PCB29-pQ, cells were washed with PBS, fixed in 4% paraformaldehyde for
30 min, and permeabilized with 0.1% Triton X-100 on ice for 2 min. Then, 50 uL. TUNEL test
solution was added, and incubated at 37°C for 60 min in dark. Cells were washed in PBS three times,

then they were analyzed with a fluorescence microscope (OLYMPUS [IX71).

2.10 Intracellular Calcium Level Measurement

Calcium levels were determined using Fluo-3 AM fluorescent probe. HepG2 cells attached to 6-
well plates to adhere; then, the cells were treated with PCB29-pQ for 24 h and washed with PBS.
The cells were cultured for an additional 1 h in serum-free medium containing Fluo-3 AM (final
concentration of 2 uM). Then, the cells were washed once with PBS, cultured in serum-free medium
for another 20 min, and detected by BD FACS Vantage SE flow cytometer (BD Biosciences). Data

were analyzed using BD Cell Quest software.

2.11 Calpain Activity Measurement



Calpain activity was determined using S-LLVY-AMC as a cell-permeable fluorogenic calpain
substrate. HepG2 cells were treated with PCB29-pQ and harvested with 0.25% trypsin-EDTA
solution. Then, the cells were resuspended in PBS at 3x10° cells/mL. The sample was incubated in a
96-well plate by adding 25 uM S-LLVY-AMC at 37°C for 15 min. The AMC fluorescence intensity
was measured in a HITACHI F7000 fluorescence spectrophotometer with an excitation wavelength

of 351 nm and an emission wavelength of 430 nm.

2.12 Small RNA (siRNA) Interference

HepG2 cells were transfected with negative control sSiRNA, p53 siRNA or HMGB1 siRNA at
50 nM using siRNA-mate transfection reagent for 24 h, according to the manufacturer’s instructions.
The sequences for sSiRNA targeting were as follows: p53 sense, 5'-GGA AGA CUC CAG UGG
UAA UTT-3’; p53 antisense, 5'-AUU ACC ACU GGA GUC UUC CAG-3'. HMGBI sense, 5'-CAG
GAG GAA UAC UGA ACA U-3"; HMGBI antisense, 5'-AUG UUC AGU AUU CCU CCU G-3'".
Calpain sense, 5'-GCU UUU GUU CUC UCA GUA CTT-3’; Calpain antisense, 5'-GUA CUG AGA
GAA CAA AAG CTT-3". Then, cells were incubated in 10% serum medium for 24 h followed by

PCB29-pQ exposure for an additional 24 h.

2.13 Flow Cytometry Analysis
HepG2 cells were treated with PCB29-pQ and harvested with 0.25% trypsin-EDTA solution.
The cells were resuspended with PBS and incubated with FITC-conjugated annexin-V/propidium

iodide (PI) double staining solution for 15 min according to the manufacturer’s instructions.

10



Fluorescence was determined on a BD FACS Vantage SE flow cytometer (BD Biosciences), and the

percentage of apoptotic cells was calculated using BD Cell Quest software.

2.14 Statistical Analysis
Data were shown as the mean + standard deviation (SD). Statistical significance was determined
by one-way analysis of variance (ANOVA) followed by least significance difference (LSD) multiple

comparison tests using SPSS19 software. P < 0.05 was considered significant.

3. RESULTS AND DISCUSSION
3.1 Autophagy-To-Apoptosis Signaling Switch via Increasing Concentration of PCB29-pQ

The HepG2 cell line was originally derived from a human hepatoblastoma and retains many of
the functions of normal liver cells, and it has been used in our previous studies (Doll et al., 2016; Xu
et al., 2015b). To achieve evidence of a PCB29-pQ-induced autophagy-to-apoptosis signaling
switch, cells were treated with 5 to 20 uM of PCB29-pQ for 24 h. The choice of the concentration
and duration of PCB29-pQ is based on our previous publication (Doll et al., 2016; Dong et al., 2014;
Song et al., 2015; Xu et al., 2015a).

First, MMP was monitored using the JC-1 probe; the control group and 5 pM group showed
orange fluorescence indicating an intact outer mitochondrial membrane, while green fluorescence
took over after higher concentration PCB29-pQ treatment (10 pM and beyond) indicating
compromised membrane integrity, Figure 1A. To further study the effect of PCB29-pQ-induced
apoptosis, the expression of apoptosis-related factors was measured by Western blotting. Cyt ¢ is
released from mitochondria into cytosol through damaged membrane and activates downstream

11



caspase cascades (Pham et al., 2016). Along with the increased Cyt ¢, PCB29-pQ treatment increased
Bax and Bak expression and decreased that of Bcl-2, Figure 1B. Furthermore, the cleavage forms of
caspase 9 and caspase 3 were significantly increased. PCB29-pQ-induced autophagy was detected by
measuring the number of LC3 puncta using an immunofluorescence assay. As shown in Figure 1C,
the maximum number of LC3 puncta was found in the 5 uM PCB29-pQ group. This result is
consistent with our previous study in which 5 uM PCB29-pQ caused the highest acridine orange
positive cell number, monodansylcadaverine staining, LC3 mRNA level and LC3B net flux in two
unrelated cell lines (Doll et al., 2016). For a direct comparison, TUNEL results showed increased red
fluorescence at higher concentrations (10 and 15 uM groups), which implied the existence of
apoptosis. Based on these results, we concluded that PCB29-pQ induced autophagy at lower

concentrations and shifted to apoptosis at high concentrations.

3.2 Intracellular Calcium Level and Calpain Activity Were Induced by PCB29-pQ but Made
No Contribution to Autophagy-To-Apoptosis Shift

Next, we ought to address the transition mechanism from autophagy to apoptosis. ATG5 is
involved in the process of autophagosome formation; Beclinl (a mammalian ortholog of ATG6) is
required for autophagosome initiation and autophagosome closure. Alternatively, they may also play
arole in a pro-apoptotic pathway (Yousefi et al., 2006; Yousefi and Simon, 2007). ATG5 and
Beclinl are cleaved by calpain, turning to pro-apoptotic truncation products tATG5 and Beclinl-c
(Lepine et al., 2011; Shi et al., 2013; Yousefi et al., 2006). The calpains are a group of well-
conserved calcium-sensitive proteases, ubiquitously expressed in cells. Cytosolic Ca?* is a stimulator
of calpains that links with autophagy or apoptosis. Increased cytosolic Ca?* causes mitochondria

12



overload and constitutes a prominent pro-apoptotic signal (Rizzuto and Pozzan, 2006). Additionally,
cytosolic Ca?* activates calmodulin-dependent kinase kinase-p, which inhibits mTOR and amplifies
autophagy (Hoyer-Hansen et al., 2007). We previously demonstrated that PCB29-pQ elevated
intracellular Ca?* levels and calpain activity, which effects were abrogated by the Ca?* chelator
BAPTA-AM (Xu et al., 2015b). In Figure 2A, PCB29-pQ increased the intracellular Ca?* level in a
concentration-dependent manner, and significant differences were found in the 15 and 20 uM groups
(p<0.001). This promotion was significantly inhibited by pretreatment with BAPTA-AM. As
illustrated in Figure 2B, as the PCB29-pQ concentration increased, the fluorescence intensity of
AMC from calpain cleavage was significantly enhanced and a peak appeared at ~430 nm. A
corresponding histogram of fluorescence intensity versus concentration of PCB29-pQ is also
presented. PCB29-pQ significantly increased the activity of calpain, compared with the control
group. In addition, the protein expression of calpain was tested by Western blotting analysis in
Figure 2C; PCB29-pQ up-regulated the expression of calpain, and BAPTA-AM reversed this effect.
This result proved that PCB29-pQ-induced calpain expression was dependent on intracellular Ca?*
level. Of note, the effect of BAPTA-AM was found with higher concentration of PCB29-pQ
treatment groups (Figure 2A and 2C), suggested this effect is somehow related to more severe
damages. However, these results were insufficient to conclude that the signal switch of autophagy-
to-apoptosis is linked to elevated calcium levels and calpain activity.

After the N-terminal fragment (BCL-2-binding domain) is removed, the C-terminal fragments
of Beclinl translocate to mitochondria and turn into a pro-apoptotic protein that induces Cyt ¢
release (Djavaheri-Mergny et al., 2010). Similarly, N-terminal tAtg5 triggers Cyt c release from
mitochondria. Thus, the translocation of cleaved products is essential for their pro-apoptotic

13



function. We checked whether PCB29-pQ induces the cleavage/mitochondrial translocation of
ATGS and Beclinl. Since only higher concentrations (>=15 uM) of PCB29-pQ exposure cause
significant apoptosis (result from Figure 1) and 20 uM of PCB29-pQ causes unwanted cytotoxicity,
cell viability <50%, result from our previous publication (Doll et al., 2016; Dong et al., 2014), we
therefore mainly chose a concentration of 15 uM for further experiments. We extracted
mitochondrial and cytosolic proteins to check the distribution of ATG5 and Beclinl. We found the
cleaved ATGS5 and Beclinl after PCB29-pQ (15 uM) exposure; however, they do not present in the
mitochondrial fraction, Figure 3A.

Calpain is involved in the apoptotic process at different steps (Wu et al., 2014). We previously
illustrated that PCB29-pQ-increased calpain activity was inhibited by BAPTA-AM (Ca?* chelator)
(Xu et al., 2015b). Here, however, neither BAPTA-AM, PD151746 (calpain inhibitor) nor calpain
siRNA treatment showed any significant effect on the loss of viability induced by 15 uM PCB29-pQ,
Figure 3B. Flow cytometry also showed parallel results, Figure 3C. Together, we speculated that

calpain is irrelevant to the PCB29-pQ (15 uM)-induced autophagy-to-apoptosis signal switch.

3.3 PCB29-pQ Induced p53 and HMGBJ1 Cytosolic Translocation and Increased HMGB1/p53
Binding

p53 and HMGBL1 play crucial roles in the regulation of apoptosis/autophagy balance (Livesey et
al., 2012). p53 promotes apoptosis through transcription-dependent and transcription-independent
mechanisms (Chipuk et al., 2005; Chipuk et al., 2004). In contrast, p53 shows both positive and
negative functions in the regulation of autophagy, depending on its subcellular location. Cytosolic
p53 represses autophagy in a transcription-independent fashion (Tasdemir et al., 2008), while nuclear

14



p53 stimulates autophagy transcription-dependently (Crighton et al., 2006; Gao et al., 2011).
HMGBL is a highly conserved nuclear protein; after being released, it serves as an extracellular
mediator in various pathological and stress conditions, e.g., inflammation, cell differentiation and
migration (Lotze and Tracey, 2005) Tang et al showed that HMGB1 promotes autophagy both
transcription-dependently and —independently (Tang et al., 2010; Tang et al., 2011). To be specific,
cytosolic HMGBL1 binds with Beclinl and maintains the activation of Beclinl/phosphoinositide 3-

kinase (PI13K) complex,(Tang et al., 2010) whereas exogenous HMGBL1 interacts with receptor for

advanced glycation end products (RAGE) (Kang et al., 2011; Kang et al., 2010). In addition, p53 and

HMGBL1 form a complex that regulates the level of autophagy (Livesey et al., 2012). We first
detected the expression of p53 and HMGBL proteins after PCB29-pQ stimulation. As shown in
Figure 4A, after cells were treated with PCB29-pQ for 24 h, the expression of p53 and HMGB1
proteins was gradually enhanced. To study the effect of different subcellular localization of p53 and
HMGBL on the autophagy-to-apoptosis signal switch, we detected corresponding protein levels in
the cytosol and nucleus, separately. In In Figure 4B and C, the protein expressions of p53 and
HMGB1 were increased in the cytosol but decreased in the nucleus and at both concentrations,
compare with the control (5 and 15 uM). This result was further confirmed by immunofluorescence
staining, which suggested that PCB29-pQ promoted the transfer of p53 and HMGB1 from the
nucleus to the cytosol, Figure 4D. p53 and HMGB1 were localized in nucleus mainly when treated
with 5 uM dose of PCB29-pQ. Moreover, they were localized in cytosol mainly when treated with
15 uM dose of PCB29-pQ.

To validate the interaction between p53 and HMGB1, we immunoprecipitated whole cell

lysates with HMGBJ1 or p53 antibody and probed for the reciprocal target protein, as shown in

15



Figure 4E and F. The amounts of loading protein on the lower panel were normalized for
comparison, thus the increased p53 (or HMGB1) immunoblotting indicated PCB29-pQ-treatment
enhanced HMGB1/p53 binding in both groups. Indeed, the interaction between p53 and HMGB1
were enhanced in total proteins at the concentration of 5- and 15uM PCB29-pQ group. Moreover, the
nuclear and cytosolic proteins were extracted and analyzed for their binding efficiency in different
cellular compartment. HMGB1/p53 binding was mainly in the nucleus in the 5 uM group and in the
cytosol in the 15 uM group, Figure 4G and H. However, it is currently unknown whether the
enhanced binding of HMGB1/p53 is due to the up-regulated expression of both proteins or increased
binding constant of the HMGB1/p53 complex (HMGBL1 has three oxidizable thiol groups and the
binding constant of HMGB1/p53 depends on the redox status of HMGBL1 (Livesey et al., 2012)). The
abundance of cytoplasmic p53 and HMGBL1 increased at the expense of their nuclear levels judged
by both Western blotting and immunofluorescence staining. Again, HMGB1/p53 binding mainly in
the nucleus at a low dose of PCB29-pQ and in the cytosol at a high dose. Nucleus HMGB1 and p53
limit apoptosis, whilst the cellular translocation of HMGB1 and p53 to cytosol consequently inhibits
autophagy and might unleash apoptosis as well. Enhanced HMGB1/p53 binding also implied the
signal shift from autophagy to apoptosis. Thus, PCB29-pQ regulates the cytoplasmic localization of

the p53 and HMGB1 may be involved the transition of autophagy and apoptosis.

3.4 p53 and HMGBL1 Are Closely Linked with PCB29-pQ-Induced Autophagy and Apoptosis
To further investigate the roles of p53 and HMGB1 in PCB29-pQ-induced autophagy and
apoptosis, their downstream genes were blotted accordingly. DRAM and ULKZ1 are p53 target genes

that encode lysosomal proteins and induce autophagy (Crighton et al., 2006; Gao et al., 2011). For

16



instance, Crighton et al demonstrated that p53 silence downregulated DRAM expression (Crighton et
al., 2006). Alternatively, p53 activates its target genes (e.g., Bax, Fas and Apaf-1) that induce
apoptosis. In Figure 5A, treatment with 5 uM and 15 uM PCB29-pQ increased the expressions of
DRAM, ULKI1, Bax and p53 proteins (except DRAM for 15 uM) compared with control group.
While incubation of cells with 15 uM PCB29-pQ, the expressions of DRAM and ULK1 proteins
were progressively reduced compared to 5 uM PCB29-pQ. Therefore, PCB29-pQ could mainly
elicited autophagy when used at low concentration (5 uM). In comparison, the expressions of Bax
and p53 proteins were upregulation in the both concentrations, suggesting the occurrence of
apoptosis and mainly eliciting apoptosis when used at high concentration (15 uM). This result
suggested that p53 directly activates Bax through a non-transcriptional mechanism. To explore the
influence of p53 on the autophagy-to-apoptosis signaling switch, we suppressed p53 expression by
SIRNA. We carefully optimize the concentration of SIRNA, in order to maximum the effect of
downregulation of DRAM and ULK1 by siRNA treatment upon 5 uM PCB29-pQ co-exposure. The
inhibition of p53 completely abrogated this effect. HMGB1 regulates the expression of HSPB1 in the
nucleus as a transcription factor that is important for autophagy (Tang et al., 2011). Similarly, in both
5 uM and 15 uM PCB29-pQ concentrations up-regulated the expression of HSPB1, then it was
progressively reduced in the 15 uM PCB29-pQ group. which effect was suppressed by HMGB1
SiRNA, Figure 5B. These results suggested that p53 and HMGBL1 largely participated in PCB29-pQ-

induced autophagy and apoptosis.

3.5 P53 and HMGBL1 play different roles in autophagy and apoptosis in PCB29-pQ-treated
cells.

17



We next addressed the question of how PCB29-pQ-mediated p53 and HMGB1 affect the
autophagy-to-apoptosis signaling switch. Endogenous HMGB1-regulated autophagy is dependent on
ROS through the force of translocation of HMGB1 from nucleus to cytosol (Tang et al., 2010),
which promotes autophagy and inhibits apoptosis (Zhang et al., 2015). Again, when HepG2 cells
were exposed to low dose of PCB29-pQ (e.g., 5 uM), HMGBI1 and p53 remain in nuclei, whilst in
the presence of high doses of PCB29-pQ (e.g., 15 uM), both proteins move to cytosol and this
translocation consequently inhibits autophagy and might unleash apoptosis as well (as seen in Figure
4B and 4C). In Figure 6A, p53 siRNA further increased PCB29-pQ-induced LC3 puncta number in
both 5 and 15 uM groups, our result indicated p53 inhibited autophagy in PCB29-pQ-treated cells.
Similarly, Tasdemir et al reported gradually increased autophagy in human p53~ colon cancer cells,
while the reloading of p53 attenuated the level of autophagy (Tasdemir et al., 2008). p53 promotes
apoptosis through transcription-dependent in nucleus and transcription-independent mechanisms in
the cytosol. There were up-regulated cell viabilities in both low dose (5 uM) and high dose (15 uM)
of PCB29-pQ after p53 siRNA, compared with control siRNA group in Figure 6B, indicated that
p53 increases apoptosis in PCB29-pQ-treated cells. Combining these results, we concluded p53 plays
a role in decreasing autophagy and increasing apoptosis in PCB29-pQ-treated cells.

To further investigate the role of HMGBL1 on the modulation of PCB29-pQ-induced autophagy
and apoptosis, HMGB1 was abrogated through siRNA interfering. In Figure 6C, HMGB1 siRNA
further decreased LC3 puncta number which suggesting decreased autophagy at both concentrations
of PCB29-pQ exposure. This evidence verified that HMGB1 upregulates autophagy in PCB29-pQ-
treated cells. Interestingly, HMGB1 siRNA has no significant effect on PCB29-pQ-mediated
viability loss, Figure 6D. These results suggested that HMGB1 plays important role in promoted
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autophagy. It is clear that PCB29-pQ elicit autophagy at 5 uM and apoptosis at 15 uM in HepG2
cells. Again, p53 plays a role in decreasing autophagy and increasing apoptosis in PCB29-pQ-treated
cells. Besides, p53 remains in nuclei when exposed to 5 uM PCB29-pQ, whilst p53 remains in
cytosol when exposed to 15 uM PCB29-pQ. Therefore, p53 play an important role in increasing
apoptosis at 15 uM PCB29-pQ. Similarly, HMGBL1 plays important role in promoted autophagy, and
HMGBI remains in nuclei when exposed to 5 uM PCB29-pQ, whilst HMGB1 remains in cytosol
when exposed to 15 uM PCB29-pQ. Although we did not find appreciable effect of HMGB1 siRNA
on cell viability induced by PCB29-pQ, it may have other mechanism or regulators that was not been

discussed.

4. CONCLUSION

To summary, we found that PCB29-pQ induces autophagy and apoptosis at different
concentrations in HepG2 cells. PCB29-pQ treatment promoted not only p53 and HMGB.1 expression
but also p53/HMGB1 complex binding and nucleus-to-cytosol translocation. The entire transition

from autophagy to apoptosis was under the co-influence of HMGBL1 and p53.
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Figure 4. PCB29-pQ induced p53 and HMGBL1 cytosolic translocation and the association between
p53 and HMGBL1 in HepG2 cells. (A) HepG2 cells were treated with 5, 10, 15 or 20 uM PCB29-pQ
for 24 h. Western blotting analysis was performed, B-actin was used as the loading control. These
protein expressions were shown in the histogram. The data represent the mean + SD of three
independent experiments. **P<0.01 and ***P<0.001 vs control (HMGB1), #P<0.01 and *#P<0.001
vs control group (p53). (B-C) HepG2 cells were treated with 5 or 15 uM PCB29-pQ for 24 h.
Western blotting analysis of p53 and HMGBI protein expression in nucleus and cytosol. -actin and
Lamin B were used as loading control for cytosolic and nuclear fractions, respectively. p53 and
HMGBL1 protein expressions are shown in the histogram. The data represent the mean + SD of three

independent experiments. **P<0.01 and ***P<0.001 vs control (Cyt-HMGB1), ##P<0.001 vs control
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group (Cyt-p53). 44P<0.01 and &&&P<0.001 vs control (Nuc-HMGB1), “““P<0.001 vs control
group (Nuc-p53). (D) HepG2 cells were treated with 5 or 15 uM PCB29-pQ for 24 h.
Immunofluorescence staining was performed to observe the expression of p53 (green) and HMGB1
(red). Nuclei stained with DAPI are shown in blue. (E-F) HepG2 cells were treated with 5 or 15 uM
PCB29-pQ for 24 h. The total proteins were extracted, immunoprecipitated with HMGB1 or p53
antibody, then precipitated proteins were analyzed by Western blotting with p53 or HMGB1
antibody. p53 and HMGBL protein expressions are shown in the histogram. The data represent the
mean + SD of three independent experiments. ***P<0.001 vs control, #P<0.01 and *##P<0.001 vs
control group. (G-H) The nuclear and cytosolic proteins were extracted, immunoprecipitated with
HMGBL or p53 antibody, then precipitated proteins were analyzed by Western blotting with p53 or
HMGBL antibody. These protein expressions are shown in the histogram. The data represent the
mean + SD of three independent experiments. *P<0.05 and **P<0.01 vs control (Nuc-p53), “P<0.05
and #P<0.01 vs control group (Cyt-p53). 4%&P<0.001 vs control (Nuc-HMGB1), “““P<0.001 vs

control group (Cyt-HMGBL1).
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Figure 6. P53 and HMGBL play different roles in autophagy and apoptosis in PCB29-pQ-treated
cells. (A) HepG2 cells were pretreated with 50 nM p53 siRNA (or sham siRNA) for 24 h and
exposed to 5 or 15 uM PCB29-pQ for an additional 24 h. Immunofluorescence staining was
performed to observe the expression of LC3 (green), nuclei stained with DAPI are shown in blue.
The relative fluorescence analysis was shown in the histogram. ***P<0.001 vs control SiRNA +
PCB29-pQ 5 uM group, *#P<0.001 vs control siRNA + PCB29-pQ 15 uM group. (B) HepG2 cells
were pretreated with 50 nM p53 siRNA (or sham siRNA) for 24 h and exposed to 5 or 15 uM
PCB29-pQ for an additional 24 h. Cell viability was assessed by CCK-8 test. The data represent the
mean + SD of three independent experiments. *P<0.05 vs control sSiRNA + PCB29-pQ 5 uM group,
#P<0.01 vs control SiRNA + PCB29-pQ 15 uM group. (C) HepG2 cells were pretreated with 50 nM
HMGBI1 siRNA (or sham siRNA) for 24 h and exposed to 5 or 15 uM PCB29-pQ for an additional
24 h. Immunofluorescence staining was performed to observe the expression of LC3 (green), nuclei

stained with DAPI are shown in blue. The relative fluorescence analysis was shown in the histogram.
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***P<(0,001 vs control SiRNA + PCB29-pQ 5 uM group, ##P<0.001 vs control siRNA + PCB29-pQ
15 uM group. (D) HepG2 cells were pretreated with 50 nM HMGBL1 siRNA (or sham siRNA) for 24
h and exposed to 5 or 15 uM PCB29-pQ for an additional 24 h. Cell viability was assessed by CCK-
8 test. The data represent the mean = SD of three independent experiments. NS, no significance, vs

control SIRNA + PCB29-pQ 5 uM group, or vs control siRNA + PCB29-pQ 15 uM group.
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