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ABSTRACT

Inflammatory bowel disease (IBD) affects millions of individuals around the world.
High-mobility group box 1 (HMGBI1) protein is identified as an important inflammatory
mediator and a fecal biomarker in IBD. HMGBI is a nuclear protein that can act as a danger-
associated molecular pattern (DAMP) to activate inflammatory responses. Oxidative stress
stimulates the release of HMGBI from injured/dead cells and the release is mediated by poly
(ADP-ribose) polymerase 1 (PARP1). However, the mechanism of HMGBI release in colonic
epithelial cells is unclear. In this study, hydrogen peroxide (H202) was used to mimic oxidative
stress. H2O2-induced HMGBI release, translocation, and expression were explored in young
adult mouse colon (YAMC) cells in the presence or absence of PARP1 inhibitors. The
released/secreted HMGBI in the cell culture supernatants was measured by ELISA. The
intracellular expression of HMGB1 was detected by western blot after H>O> treatments. The
nuclear and cytoplasmic HMGB1 were evaluated by nuclear and cytoplasmic extraction kit.
Lastly, quantitative real-time polymerase chain reaction (QRT-PCR) was performed to detect
HMGB1 mRNA level. Here, we demonstrated that H,O; induced the release of HMGB1 from
YAMC cells in a dose-dependent manner and PARP1 inhibition decreased the HMGBI release.
In addition, PARP1 regulated the translocation of HMGBI1 from the nucleus to the cytoplasm.
Extracellular HMGB1 was PARylated after H>O> treatment. H>O> enhanced the mRNA level of
HMGBI, but no significant change was observed in the mRNA level in the presence of PARP1
inhibitors. Our data provide insight of the potential role of PARP1 in the mechanism of HMGBI1
localization in colonic epithelial cells. Our findings also establish an important role for H>O> in
inducing HMGBI1 release, expression, and translocation and suggest that HMGBI is an

important target for the treatment of inflammatory diseases. Targeting the central players of



inflammatory responses in IBD can reduce tissue damage and prevent the progression of the

disease.

Introduction

Inflammatory bowel disease (IBD) is a chronic inflammation of the gastrointestinal tract.
There are two major types of IBD, ulcerative colitis and Crohn’s disease. According to the
Centers for Disease Control and Prevention (CDC) data from 2015, approximately 3.1 million
(1.3%) of U.S. adult population had received a diagnosis of IBD. This condition affects patients’
qualities of life as they may face different challenges such as hospitalization, surgical
procedures, and the risk of colon cancer !. The exact cause of IBD is not known, but some
factors may play a role in triggering the inflammatory responses such as gut microbiome,
genetics, environment (smoking, stress, medication), and mutation of cellular receptors of the
innate immune system 2. IBD-associated intestinal inflammation is typically diagnosed by a
combination of imaging techniques, endoscopic examinations, and detection of biomarkers in the

blood and fecal samples.

C-reactive protein, erythrocyte sedimentation rate, and perinuclear anti-neutrophil
cytoplasmic proteins are among the known serum markers of the intestinal inflammation. Fecal
biomarkers include lactoferrin, calprotectin, lipocalin 2/NGAL (neutrophil gelatinase-associated
lipocalin), and high-mobility group box 1(HMGBJ1) protein. The level of fecal HMGBI1 is
elevated in IBD patients as well as in animal models of colitis . The role of HMGBI extends
beyond that of a disease biomarker. It has been postulated that HMGBI1 actively contributes to

the severity of inflammation in murine dextran sulfate sodium (DSS)-induced colitis (the most



widely used mouse model of colitis), and its neutralization effectively reduced the severity of the

disease in this model #°.

HMGBI is a nuclear DNA-binding, non-histone protein with two HMG box domains (A
box and B box) and an acidic C-terminal tail. Both A and B box domains contain DNA binding
sites, while the acidic C-terminal tail controls DNA binding and bending. HMGBI1 activity
depends on its cellular location and oxidation status. This protein is mainly found in the nucleus
due to having two nuclear localization sequences (NLSs). In the nucleus, it is involved in DNA
repair, nucleosomal stability, and gene regulation. HMGBI can be translocated into the
cytoplasm and be involved in increasing autophagy and controlling mitochondrial function.
When the cell is damaged/dead or stressed, HMGBI is released to the extracellular space and
initiates various signaling pathways. It results in proliferation, differentiation, and inflammation
7. The activity of HMGBI is also determined by the redox state of its cystine residues, C23, C45
and C106. HMGBI acts as a chemokine when all the cystines are fully reduced. It has no
chemotactic or cytokine-like activity when fully oxidized and it acts as a pro-inflammatory

cytokine when partially oxidized ’.

HMGBI can be passively released into the extracellular space from necrotic cells and
actively released from living cells, including immune cells. Stimulation of cells by stressors
(hypoxia, LPS, H20», cytokines) triggers the translocation of HMGB1 from the nucleus to the
cytoplasm. Likewise, oxidative stress and reactive oxygen species (ROS) stimulate the release of
HMGBI from the nucleus to the cytoplasm and extracellular space. In myenteric neurons,
HMGBI is translocated to the cytoplasm under oxidative stress and contributes to enteric
neuroinflammation 8. The mechanisms of active secretion of HMGB1 into the extracellular space

are not fully understood. HMGBI is not secreted through the classical endoplasmic



reticulum (ER) - Golgi apparatus pathway due to the lack of a leader sequence. However,
HMGBI active release may be mediated via packaging into secretory lysosomes or
autophagosomes during cellular stress and their subsequent function with the plasma membrane
and cargo release °>. HMGBI has also been found in exosomes '°"12. Once released, HMGBI
acts as danger-associated molecular pattern (DAMP). It binds to pattern recognition receptors
(PRRs), such as toll-like receptors (TLR 2,4, and 9), and non-PRPs on immune cells or non-

immune cells and activates them '3.

Activation of TLRs initiates downstream pathways through the activation of mitogen-
activated protein kinases (MAPKSs) and IkB kinase (IKK), resulting in the production of pro-
inflammatory cytokines and chemokines. The main function of most TLRs is to provide
protection and maintenance of mucosal integrity through inflammatory responses. TLRs 2,4,8,
and 9 are shown to be upregulated in individuals diagnosed with active ulcerative colitis. Some
TLRs, such as TLR9, can have a protective function in IBD, while others, such as TLR4, can
cause tissue injury and ulceration. TLR4 is one of the dominant receptors of extracellular
HMGBI 2. Considering that HMGBI is a ligand for TLRs and has pro-inflammatory effect, a

question rises on the role of HMGBI in inflammatory and autoimmune diseases.

The functions of HMGB1 depend on its subcellular location which is influenced by post-
translational modifications. HMGBI1 undergoes several post-translational modifications,
including acetylation, phosphorylation, methylation, N-glycosylation, oxidation, and ADP-
ribosylation. These post-translational modifications change the location of HMGB1and its
affinity to chromatin. HMGBI1 gets acetylated and deacetylated by the same enzymes that affect
histones such as histone H4 7. Some of these enzymes are cAMP response element-binding

proteins (CREB-binding proteins), P300, and NAD*- dependent sirtuin 1 (SIRT1) '®. In general,
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acetylation of lysine within the NLSs of histones neutralizes the positive charges of the lysine
residues and lowers the affinity of histones to interact with the negatively charged DNA °.
Acetylation decreases the affinity of HMGB1 to DNA and karyopherin-alphal (KPNA1), a
protein that helps with HMGB1 nuclear import 2. As a result, HMGBI is released from the
nucleus to the cytoplasm upon acetylation. Similarly, phosphorylation of HMGBI on its serine
residues within the NLS sequences, reduces interaction with KPNA1, impairs translocation to the

nucleus, and targets HMGB1 for secretion 2!.

ADP-ribosylation is a post-translational protein modification mediated by a family of
ADP-ribosyltransferases (ARTDs) which uses nicotinamide adenine dinucleotide (NAD") as a
substrate. The transfer of a single unit of ADP ribose (ADPr) is referred to as mono-ADP-
ribosylation (MARylation), while the addition of multiple units of ADPr to form poly-ADPr
(PAR) chains is known as poly-ADP-ribosylation (PARylation). There are seventeen enzymes in
the ARTD/PARP (poly (ADP-ribose) polymerase) family. Most ARTDs/PARPs (e.g., ARTD7
and 8, 10-12, and 14-17) catalyze MARylation. PARP1, PARP2, PARP4, PARP 5A/B are
known to mediate PARylation and among them, PARP1 (ARTD1) is thought to account for the
synthesis of up to 85%-90% of the PAR polymer. PARP2 is thought to contribute <10%-15% of
PARylation, while the contribution of other PARPs is considered negligible. PARP1, with a size
of 113 KDa, is the most abundant isoform of PARPs and has been studied extensively due to its
role in DNA repair and in triggering inflammatory responses. PARP1 stimulates the production
of inflammatory cytokines and its inhibition reduces the expression of cytokines and improves
intestinal permeability in mice ?2. Also, PARP1 becomes activated in response to DNA single-
strand breaks and adds ADP-ribose molecules to the target proteins on amino acids such as

lysine, cysteines, tyrosine, and serine. This process alters the structure and function of the target
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protein. For example, PARP1 can target histones and leads to chromatin relaxation. It is assumed
that negatively charged ADP-ribose molecules around the chromatin repel the negatively

charged DNA, leading to loosening of the structure of the chromatin 2.

PARP1 also interact with acetyltransferases and deacetylases. Activation of PARPI,
hence PARylation, enhances CBP/P300 activity and increases the acetylation of core histone H4
in cortical neurons and H3/H4 in cardiomyocytes 24, Similarly, studies show that mono ADP-
ribosylation of H3, the addition of a single ADP-ribose molecule, enhances the activity of P300
and increases the level of acetylated -catenin in colon carcinoma cells (LOVO cell line) to
increase their proliferation 5. SIRT1 and PARP1 both use NAD" as a substrate. When PARP1
becomes hyperactivated, the cell faces NAD* depletion and the activity of SIRT1 decreases. On
the other hand, inhibition of PARP1 enhances the activity of histone deacetylases (HDACs),

reducing histone acetylation 26,

The interaction between PARP1 and HMGBI has been studied in many cells including
hepatocytes, cardiomyocytes, and pancreatic cells 2’. The activation of PARP1 leads to the
release of HMGB1 from the nucleus to the cytosol after inducing DNA damage. Inhibition of
PARP1 reduces HMGB1 PARylation induced by TRAIL (tumor necrosis factor superfamily,
member 10) and the cytoplasmic translocation of HMGB1 in human pancreatic cancer cell lines
(PANC-1 cells) 28. This data suggested that PARPI is required for HMGB1 PARylation and

cytoplasmic translocation in apoptotic cells.

Although studies investigated the role of PARP1 in HMGBI translocation in various
cells, little is known about the mechanism of the interaction in colonic epithelial cells. HMGB1
was studied in intestinal tissue of neonatal mouse model with necrotizing enterocolitis (NEC).

The mRNA expression of HMGB1 was higher in NEC mice compared with the control group
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and the inhibition of HMGB1 reduced the inflammation in mice with NEC ?°. Studies also
investigated various proteins associated with intestinal inflammation, such as HMGB1 and
PARPI1, in DSS-induced colitis in mice. The disease activity index, histological damages, and
the production of pro-inflammatory cytokines reduced upon administration of anti-HMGB1
neutralizing-antibody in DSS-induced mice °. Moreover, previous study showed that PARP1
knockout mice were protected from DSS-induced colitis 22. The mRNA and protein expression
of tumor-necrosis-factor (TNF) and interleukin (IL)-17 significantly decreased in this group
compared to the DSS-treated wild-type mice. Despite these facts, the role of PARP1-mediated

PARylation and the release of HMGBI1 by colonic epithelial cells has not been investigated 2.

In the present study, immortalized colonocytes (young adult mouse colon cells, YAMC)
treated with hydrogen peroxide (H202) were used as an in vitro model. We investigated HMGB1
release from YAMC cells undergoing H>O»-induced oxidative stress. We hypothesized that the
inhibition of PARP1 would decrease the release of HMGB1 by H>O-injured YAMC cells. We
also hypothesized that the enzymatic activity of PARP1 is not only necessary for the exit of
HMGBI1 from the YAMC cell, but also for the increased intracellular expression of HMGBI1. To
further verify the role of PARP1 in HMGBI release, we investigated the PARylation of
extracellular HMGB1. We also examined whether H>O> induces HMGB1 mRNA level in
YAMC cells. The data we obtained forms the basis for further research on different players
involved in HMGBI release in colonic epithelial cells in the context of chronic intestinal

inflammation.
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Material and Methods

Cell Culture of Young Adult Mouse Colon (YAMC) Cells

The young adult mouse colon (YAMC) cell line is a conditionally immortalized mouse
colon epithelial cells which was used as an in vitro model. YAMC cells were obtained from
Vanderbilt Institute for Infection, Immunology, and Inflammation. These cells were originally
established by Dr. Robert Whitehead from a transgenic mouse harboring a temperature-sensitive
mutation of the simian virus 40 large tumor antigen gene (tsA58). The cells were maintained in
RPMI 1640 medium supplemented with 10% fetal bovine serum (FBS), 100 U/mL penicillin and
streptomycin, 1x insulin-transferrin-selenium, and 5U/ml mouse interferon-y (IFN-y). Cells were

maintained at 33°C with 5% COx (these cells proliferate at 33°C in the presence of interferon-y).

Hydrogen Peroxide (H20:) -Induced Oxidative Stress

When YAMC cells reached 90~100% confluency, they were allowed to differentiate
without IFN-y at 37°C for 24 hrs. Then, the cells were treated with different concentrations of H>O»
(0.25 mM, 0.5 mM, 1 mM) for 18 hours in complete growth medium without IFN-y to find the
minimum concentration of H>O» that lead to the maximum release of HMGBI1. The cells were kept
at 37°C with 5% CO; during treatments. Olaparib (LC Laboratories), a PARP1 inhibitor, and FU-
2-45 were added 30 minutes prior to H,O» treatments. FU-2-45 (patent pending) was developed
by our collaborator, Dr. Gregory RJ Thatcher, R. Ken & Donna Coit Chair in Drug Discovery, as
part of a program developing nicotinamide phosphoribosyltransferase (NAMPT) activators and
inhibitors, including chimeric NAMPT/PARP inhibitors. The lead compound FU-2-45 has

IC50=0.062nM for NAMPT and PARP1, and EC50=0.06 nM for cellular NAD+ suppression. FU-
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2-45 was confirmed in the Kiela/Ghishan lab to prevent hyperPARylation in human colon cancer

Caco-2 cells and YAMC cells in response to oxidative stress.

The cells were divided into eight experimental groups:

e Control group: cells were incubated in complete media without IFN-y.

e 0.25 mM H>O> group: cells were treated with 0.25 mM H>Os.

e 0.5 mM Hy0; group: cells were treated with 0.5 mM H>O,.

e 1 mM H:O: group: cells were treated with 1 mM H2O».

e (0.5 mM H;0: and FU group: cells were pretreated with FU (1mM) for 30 minutes before
treatment with 0.5 mM H>O..

e 0.5 mM Hx0; and Olaparib group: cells were pretreated with Olaparib (10 mM) for 30
minutes before treatment with 0.5 mM H>O..

e | mM H>O; and FU group: YAMC cells were pretreated with FU (1mM) for 30 minutes
before treatment with 1 mM H>Oo.

¢ | mM H;0O: and Olaparib group: YAMC cells were pretreated with Olaparib (10 mM) for

30 minutes before treatment with 1 mM H»0».

Quantification of HMGB1 by Enzyme-linked Immunosorbent Assay (ELISA)

Mouse HMGBI1 enzyme-linked immunosorbent assay (ELISA) kit (Novus Biologicals)
was used to measure the concentration of secreted/released HMGBI1 in the YAMC cell
supernatants. Absorbance was read at 450 nm on the VersaMax™ microplate reader (Molecular

Devices). The standard curve of HMGB1 was used to calculate the protein concentration (pg/mL).
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Western Blotting

Cell lysates were prepared from cultured cells and extracted with
radioimmunoprecipitation assay buffer (RIPA buffer) containing a protease inhibitor cocktail
(Sigma-Aldrich). Total protein content was estimated by bicinchoninic acid (BCA) assay
(Pierce™ BCA Protein Assay Kit). Thirty micrograms of total protein per well was resolved in
12% SDS-PAGE and transferred onto nitrocellulose membranes. The membranes were blocked
with 5% nonfat milk in tris-buffered saline with 0.1% Tween® 20 detergent (TBST) and was
incubated with rabbit polyclonal antibody against HMGB1 (Proteintech; 1:1,000) overnight at 4°C.
B-actin (Mouse monoclonal, Sigma; 1:5,000) was used as a control. Then, the membranes were
washed and incubated with an anti-rabbit or anti-mouse horseradish peroxidase-conjugated
secondary antibody (Cell Signaling Technology) at room temperature for 1 hour. The blots were
developed using Super Signal West Pico chemiluminescence substrate (Pierce) and detection was

performed using Syngene G-BOX Imaging System.
Immunoprecipitation (IP)

YAMC cells were cultured in T-75 flasks. When the cells were grown to 90%-100%
confluence, they were treated with ImM H>O: for 18 hours. The media was collected and was
concentrated with Amicon ultra-15 centrifugal filter. The medium was dialyzed to remove the salt.
Protein concentration was determined by BCA assay (Pierce™ BCA Protein Assay Kit). The
concentrated and dialyzed medium was incubated with rabbit polyclonal antibody against HMGB1
(Proteintech; 1:1,000) overnight (rabbit normal IgG was used as a negative control), and then was
incubated with protein A/G plus agarose beads (Santa Cruz Biotechnology) at 4°C for 2 hours.
After centrifugation at 10,000 X g for 5 minutes, the pellet containing the beads were washed three

times with PBS and collected for immunoblotting.
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The immunoprecipitated proteins were observed by Western blot analysis as mentioned
previously. For IP western blot, rabbit polyclonal antibodies against HMGB1 (Proteintech;
1:1,000) and mouse monoclonal antibodies against poly (ADP-ribose) (Enzo Life Sciences, ALX-
804-220-R100, 1:1,000) were used. Anti-rabbit or an anti-mouse horseradish peroxidase-

conjugated secondary antibody (Cell Signaling Technology) were used.

Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)

YAMC cells were treated with 1 mM H>O» with or without PARP1 inhibitors for different
durations. Total RNA of cell samples was extracted with Trizol and reverse-transcribed using the
SensiFAST cDNA synthesis kit (Meridian Bioscience) according to the manufacturer’s
instructions. Real-time polymerase chain reaction was carried with the SensiFAST™ Probe No-
ROX (Meridian Bioscience) using LightCycler 96 (Roche). Primer/TagMan probe set
Mm00849805 gH (Thermo Fisher Scientific) was used. TATA-binding protein (TBP) was used

as a housekeeping gene.

Nuclear and Cytoplasmic Extraction

YAMC cells were treated with 1 mM H>O» with or without PARP1 inhibitors for 0, 9,12,
and 18 hours. Nuclear and cytoplasmic proteins were extracted using the Thermo Scientific NE-
PER nuclear and cytoplasmic extraction kit following the manufacture’s protocol. HMGBI
expression in the nuclear and cytoplasmic fractions was detected by western blotting as described

above. Histone H3 Antibody (Cell signaling #9715) was used as an internal control.
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RESULTS

Pharmacological inhibition of PARPI reduces HM GBI release in response to oxidative stress

in YAMC cells

Initially, to determine if HMGBI is released from YAMC cells in response to oxidative
stress, the cells were treated with different concentrations of hydrogen peroxide (H202) for 18
hours. The cell culture supernatants were collected after treatments and the level of HMGBI in the
supernatants was determined by ELISA. The concentration of HMGBI in the media increased in
a dose-dependent manner with maximum release observed at ImM of H,O» (Fig. 1). To investigate
the role of PARP1 activity in mediating HMGBI1 release, YAMC cells were treated with 0.5 or 1.0
mM H20; in the presence of 10 mM Olaparib or 1 mM FU-2-45 inhibitors. Both inhibitors
effectively eliminated the effect of both concentrations of peroxide and prevented HMGBI1 release

into the media (Fig. 1)

Released HM GBI from colonic epithelial cells in response to oxidative stress is PARylated

Previous studies showed that post-translational modifications are important for HMGB1
translocation from the nucleus to the cytoplasm and its eventual cellular release. To identify the
interaction between PARP1 and HMGBI, we investigated whether secreted HMGBI is
PARylated. To accomplish this, supernatants from treated cells were concentrated, dialyzed, and
analyzed by immunoprecipitation. HMGB1 was precipitated with anti-HMGB1 antibody and then
was immunoblotted using anti-PAR or anti-HMGB lantibodes. The HMGB1 band was detected at
25 kDa and our data revealed that HMGB1 was PARylated following H,O, treatment (Fig. 2).
These findings indicate that HMGB1 is PARylated before its release from epithelial cells exposed

to oxidative stress.
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Despite the inhibition of HM GBI release, PARPI inhibition does not potentiate accumulation

of intracellular HM GBI in colonic epithelial cells

Since we observed that PARP1 inhibition reduced the HMGBI release into the culture
medium in H>O»-induced YAMC cells, we examined whether HMGB1 accumulated in the cells
using Western blotting. H>O» increased the levels of intracellular HMGB1 protein. HMGBI
expression remained elevated in the presence of PARP1 inhibitors, but they did not promote further

accumulation of HMGBI (Fig. 3).

H;0; increases mRNA expression of HMGBI1 in a time-dependent manner

Lack of increase in total cellular expression of HMGBI1 in PARP1 inhibitor and H20»-
treated cells was puzzling. We hypothesized that H>O» increases the HMGB1 gene expression and
that PARP1 inhibition may blunt this response, in which case, the net protein expression would
not change. To test this hypothesis, we used qRT-PCR to examine HMGB1 mRNA expression in
YAMC cells treated with H>O> in the absence or presence of PARP1 inhibitors. As shown in Figure
4A, oxidative stress gradually increased HMGB1 mRNA level between 3 and 12 hours, followed
by a drop at 18 hours of H,O, treatment. To further investigate the role of PARP1 on HMGBI
mRNA level, we treated YAMC cells with 1 mM H>O: for 0 to 9 or 12 hours in the absence or
presence of Olaparib or FU-2-45. Interestingly, we observed no significant changes in H2O»-
induced HMGB1 mRNA level following PARP1 inhibition (Fig. 4B), thus our hypothesis was

disproved by the data.

PARPI plays a role in H;0z-induced HM GBI translocation from the nucleus to the cytoplasm

To examine whether PARP1 regulates the subcellular localization of HMGBI in response

to oxidative stress, cells were treated with 1 mM of H>O» (with or without PARP1 inhibitors) for
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different durations. The nuclear and cytoplasmic proteins were extracted from treated cells and the
HMGBI protein expression was detected using Western blotting. Our data demonstrated that
HMGBI translocated from the nucleus to the cytoplasm after the cells were treated with 1 mM
H>0, for 9, 12, and 18 hours. We also found that inhibition of PARP1 suppressed the H>O»-induced

translocation of HMGBI to the cytoplasm, leading to its nuclear retention (Fig. 5).

Discussion

Inflammation can be triggered by various stimuli or stressors, resulting in cell death.
Excessive production of reactive oxygen species (ROS) affects the normal function of cells by
having destructive effect on macromolecules such as nucleic acids. It has been suggested that
overactivation of some PARP enzymes, which may cause by DNA damage, leads to rapid and
profound consumption of NAD" and depletion of adenosine triphosphate (ATP). It results in cell

death, sometimes called Parthanatos 3%3! 32,

HMGBI has attracted wide attention because of its proinflammatory effect once released
from cells under inflammatory stress. HMGBI1, released at the site of cell injury or damage, acts
as a DAMP and promotes inflammation by activating immune cells. If this process is
exaggerated and/or prolonged, it may result in or contribute to various diseases depending on the
site of injury 3. Abnormally elevated serum or fecal level of HMGB1 has been found in patients
with traumatic injuries, sepsis, pulmonary fibrosis, and inflammatory bowel disease 74,
Colonic expression of HMGBI1 was also found to be high in animal models of dextran sulfate

sodium (DSS)-induced ulcerative colitis *. However, the detailed mechanism by which HMGB1

is released in colonic epithelial cells during inflammation is unknown.
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HMGBI translocation and release can be regulated by oxidative stress. Studies showed
that oxidative or inflammatory stress (H2O2 or LPS treatment) in hepatocytes and podocytes led

to gradual increase in HMGBI release 33 18

. In mouse embryonic fibroblast cells, HMGBI1
release was reduced in the absence or pharmacological inhibition of PARP1 after DNA damage
36, In our study, we used YAMC cells as an in vitro model of colonic epithelial cells to analyze
HMGBI1 expression, translocation, and release. Our findings suggest that modeling of oxidative
stress, using hydrogen peroxide treatment, induces HMGBI release from colonocytes in a dose-
dependent, and entirely PARP1-dependent manner. Moreover, released HMGB1 from H20»-
treated colonocytes was PARylated as determined by immunoprecipitation and detection with
PAR-specific monoclonal antibody. Since PARP1 is responsible for about 90% of PARylation in
the cell, PARP1 was the most likely contributor to HMGB1 PARylation. Although we did not

study whether PARP1 directly interacts with HMGBI, it is likely a required step leading to

PARP1-mediated PARylation.

An earlier study demonstrated that H>O; increased the expression of cellular HMGBI1 in
macrophages 3. We also confirmed that the expression of intracellular HMGB1 was elevated in
YAMC cells after H,O; treatments with or without PARP1 inhibitors. Therefore, we reasoned
that the lack of HMGBI1 release from H>O,-treated cells in the presence of PARP1 inhibitor
should lead to intracellular accumulation of HMGB1. However, total cellular HMGB1
expression did not change in the presence of PARP1 inhibitors. It led us to hypothesize that
while PARP1 inhibition prevents the release of HMGBI, it may also reduce H202-induced
HMGBI gene transcription. In such scenario, the net HMGBI cellular content would not change.
To test this hypothesis, we assessed the effect of H2O2 on HMGB1 mRNA level and the impact

of PARP1 inhibition on H>Oz-induced mRNA expression using qRT-PCR. Indeed, H>O> induced
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HMGB1 mRNA level in a time-dependent manner, a finding in agreement with previous studies
with LPS-treated macrophages '6. Although PARPI inhibitors slightly reduced HMGB1 mRNA
expression in H2Ox-treated YAMC cells, this change was not statistically significant. Thus, we
concluded that activation of PARP1 by oxidative stress in colonocytes does not regulate
HMGBI expression at the transcriptional level, a finding consistent with other cellular model *”.
These findings did not explain the lack of accumulation of total cellular HMGB1 in PARP1

inhibitor and H>O»-treated colonocytes.

PARylation was suggested to contribute to the export of HMGBI1 from the nucleus to the
cytoplasm after DNA-alkylating damage 6. We tested whether PARP1 inhibition affected
nuclear and cytoplasmic abundance of HMGB1 in H2O»-treated colonocytes. Our data revealed
that the pharmacological inhibition of PARP1 decreased the H2O»2-induced HMGB1 nuclear
export and led to nuclear HMGB1 accumulation. The precise role of PARP1 activation and
PARylation in the nuclear export of HMGB1 remain unclear. Previous work showed that
hyperacetylation of HMGBI is associated with nuclear-to-cytoplasmic translation of HMGBI. It
is plausible that PARP1-mediated PARylation is a necessary step to permit acetylation via a
conformational change in HMGBI. It is also possible that depletion of NAD™, as a consequence
of PARP1 activation, leads to inhibition of NAD-dependent deacetylases, like sirtuins, which
could in turn lead to HMGBI1 hyperacetylation and permit its nuclear export 3. More studies are

needed to address the exact mechanism responsible.

Overall, in the current study, we identified PARP1 as a critical mediator involved in the
extracellular release of HMGB1 from colonic epithelial cells under oxidative stress. These
findings have translational potential due to the role of PARP1, HMGBI, and PARylation in

promoting colitis. It is important to identify the precise sequence of events and key players
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involved in HMGBI release from colonocytes under inflammatory stress. Also, future studies
will need to address whether PARylation of released HMGBI affects its pro-inflammatory
potential and its affinity to its receptors to further promoting downstream inflammatory cascade.
Although HMGBI1’s subcellular localization and its post-translational modifications have been
studied to some degree in other cell types, understanding the influence of PARylation and
acetylation on HMGB1 may provide us with a better understanding of the gut epithelial cell
biology during inflammation. They may also reveal novel means of targeting the inflammatory

responses to prevent flares or to induce and maintain remission in IBD patients.
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Figure 1. The effect of PARP1 inhibition on H;O:-induced HMGBI release from YAMC cells. Cells
were treated with different concentrations of H.O, (with or without PARP1 inhibitors) for 18 hours.
HMGBI1 concentration in the supernatant of the treated cells was determined by ELISA. ANOVA
(p<0.0001) followed by Fisher’s PLSD post-hoc test was used for statistical analysis. *** p<0.001, ****
p<0.0001.
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Figure 2. PARylation of HMGBI in the cell culture supernatant of H,O:-treated cells. HMGBI1
PARylation was detected by immunoprecipitation (IP). YAMC cells were treated with ImM H»O, for 18h.
The protein was precipitated by anti-HMGB1 or control IgG, and re-probed with anti-HMGBI1 or anti-PAR

antibodies.
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Figure 3. The effect of H,O, and PARP1 inhibitors on intracellular HMGBI1 protein expression in
YAMC cells. Whole cell lysates from treated cells were collected and analyzed for HMGB1 expression by
Western blotting. B-actin was used as a loading control.
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Figure 4. qRT-PCR analysis of H,O;-induced HMGB1 mRNA expression in YAMC cells. (A) Time
course analysis of the effect of 1 mM H,O, on HMGB1 mRNA expression. (B) The effects of PARP1
inhibition on H,0,-induced HMGB1 mRNA expression. ANOVA and the results of Fisher’s LSD test are
indicated. ** p<0.01, *** p<0.001, **** p<(0.0001. For clarity, only pairwise comparisons to control (time
0) are shown. In panel B, PARP1 inhibition did not affect HMGBI in a statistically significant manner.
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Figure 5. The role of PARP1 in H,0:-induced HMGB1 nuclear-to-cytoplasmic translocation.
HMGBI1 protein in the nuclear or cytoplasmic fractions was detected using Western blotting. Histone 3
and B-actin were used as loading controls for the nuclear and cytoplasmic fractions, respectively.
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