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Abstract

High mobility group 1 (HMGB1), so called amphoterin, was originally known as a
nuclear protein but later found to be secreted by some cell types. Extraceliular HMGB1
activates proinflammatory cytokine and plays important roles in many inflammatory

'diseases. However, HMGB1 roles in oral disease are still limited. In this study, we
investigated HMGB1 expression in oral fibroblasts including HPDL, HPF and HGF, as
well as KB cell line. It was found that all cells expressed HMGB1 RNA and protein in cell
lysates, but not in conditioned media excluding roles of HMGB1 as a secreted protein in
these cells. We further looked at HMGB1 expression in HPDLF, HPF and HGF after
E.Coli LPS treatment. Results showed different responses among the three-fibroblasts.
In HPDLF, HMGB1 RNA was upregulated when treated with 25 Hg/mi LPS, but only in
the condition with fetal calf serum, confirming the requirement of LPS to LPS-binding
protein (LBP) presence in serum. HPF as well showed upreguiation of HMGB1 RNA but
required higher dose of LPS (50 Hg/mi), while HGF showed no response to LPS.
Characteristically differences among the three-lines were discussed. However, in all
fibroblasts, HMGB1 in celt lysate remained unchanged indicating that the increased
RNA, found in HPDLF and HPF, could not proceed through protein production in our
experimental condition. Again, no secreted HMGB1 was found in conditioned media

after LPS treatment. Roles of HMGB1 in oral cells required further investigétion.
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CHAPTER 1
Introduction

Background

High mobility group box protein 1 (HMGB1), a 215-residue-protein, was first identified 30 years ago
aé a nuclear protein “? lts role involved maintaining nucleosome structure and regulation of gene
transcription “ HMGB1 consists of two consecutive L-shaped domains {called HMG boxes) and a 30 amino
acid-long acidic ‘tail’ connected by short linkers. HMGB1 is amongst the most ubiquitous, abundant and
evolutionarily conserved protein in eukaryotes. It shares 100% amino acid sequence between mouse and
rat, and 99% between rodent and human. Later studies showed extracelluler role of HMGB1 as a
proinflammatory Cytokine(s). This role has opened up a new field of research of HMGB1 role in inflammatory
disease such as severe sepsis and arthritis.

HMGB1 can be secreted by some cell types. It can be actively released by macrophages/
monacytes in response fo stimulation with exogenous bacterial endotoxin e.g. lipopolysaccharide (LPS) or
endogenous proinflammatory cytokines eg. tumour necrosis factor (TNF), interleukin 1[3 (IL—‘lB) and

interferon gamma (|FN)_,Y){4.5.5)

.n addition to being actively released from activated innate immune cells,
HMGB1 can also be passively released from necrotic or damaged cells. Once released, HMGB1 is able o
activate severai other cells involved in the immune response or inflammatory reaction. Therefore, HMGB1
might be a critical molecule that aliows innate immune cells both to response to injury, and to further induce
inflammation. HMGB1 has been termed as a late mediator of endotoxin lethality, because its releasing is
delayed by several hours compared with other proinflammatory cytokines that mediate shock and tissue
injury."J The cytokine activity of HMGB1 has been well-documented in many cell types and tissues such as
macrophages/monocytes, endothelial cells, neutrophils, epithelial cells, dendritic cells, smooth muscle celis,
brair, lung, joint and etc.® However, most cells including lymphocytes, adrenal or kidney cells, are unable to
secrete HMGB1%. Also, HMGB1 is not released by apoptotic cells even after sequent secondary necrosis
and partial autolysis. Thus, cells undergoing apoptosis fail to activate inﬂammatofy responses‘g).

HMGB1 has an important role in several acute and chronic inflammatory diseases such as sepsis,
acute lung injury and arthritis. Gingivitis and periodontitis are common infectious oral diseases that led to

inflarnmation of the gingiva and destruction of periodontal tissues. Oral microbes are associated in the




initiation and progression of the diseases that eventually cause tooth loss. Gram negative bacteria have
become wirdely recognized as the periodontopathic bacteria "?. The bacteria are capable of producing
virulent substances that directly cause periodontal tissue breakdown and alveolar bone resorption“”.
Another most common oral disease is dental caries, which led to pulpitis (inflammation of pulpat tissue).
Again, bacteria are the cause of the disease.

LPS, a companent of the bacterial outer membrane, is the pathogenic factor in a wide variety of

bacteria. The LPS molecule consists of three parts: LIPID A, core polysaccharide, and O-specific chains (O

antigens}). When periodontopathic bacteria proliferate in periodontal pockets, it is suggested that LPS is

amply released, causing fibrobiasts as well as immune cells to steadily synthesize inflammatory cytokines

including 1L-1, IL-6 and TNF-0'. These cytokines, in turn, aggravate inflammation, destroy periodontat
tissues, and induce alveolar bone rescrption 1519 Human dental pulp cells could be induced by LPS fo

express TLR4, which may play an important role in the process of puipitism).

Interleukin (IL)-8 mRNA
expression was also induced in human dental pulp fibroblast cultures after stimuiation with LPS of Prevotella
intermedia”®. When derived from Escherichia coli {E.coli), LPS serves as polyclonal B-cell mitogens
.commonly used in immunology faboratory. Treatment of mice with LPS which cause liver injury, induces a

three fold increase of HMGB1 protein in fiver within 1-2 hours''”.

(18)
showed

However evidence of HMGB1 role on oral diseases is still limited. Morimoto et al, 2006
expression of HMGB1 in gingival epithelium of patients with periodontitis as well as human gingival
. carcinoma cell fine. The aim of this study is to determine the expression of HMGB1 in human oral fibroblasts
including periodontal ligament fibroblasts (HPDLF), human gingival fibroblasts (HGF) and human pulpal
fibrobtasts (HPF) with or without stimulation by E.coli LPS. We hypothesized that these oral fibroblasts

express HMGB1 and the level of expression is upregutated by LPS stimulation.

Definition of terms

-High mobility group 1 (HMGB1): HMGB1 (formerly named HMG1 but also known as amphoterin was

identified almost 30 years. It is a small protein (215 residues) that runs fast in SDS-polyacrylamide geis.

-Lipopolysaccharide (LPS}: Lipid-containing polysaccharides which are endotoxins and important

group-specific antigens. They are often derived from the cell wall of gram-negative bacteria and induce
immunoglobulin  secretion. The lipopolysaccharide molecule consists of three parts: LIPID A, core

polysaccharide, and O-specific chains (O antigens). When derived from Escherichia coli,



lipopolysaccharides serve as polycional B-cell mitogens commonly used in laboratory immunology. (From

Glossary)

- Human_Periodontal ligament fibroblasts (HPDLF): Periodontal ligament (PDL) cells reside

between the cementum of the roots of teeth and the alveclar bone. In this location PDL cells are uniquely
situated to maintain the overall integrity of the periodontal ligament.

- Human gingival fibroblasts (HGF). Gingival fibroblasts are the cells comprising the connective

tissue surrounding the testh.

- Human_pulpal fibroblasts (HPF). The adult pulp contains cells that are responsible for the

formation and turnover of a complex non-mineralized ECM. Most of the cells are fibroblast-like cells. Pulp
fibroblasts are elongated, with a large nucleus and well-developed RER. The Golgi apparatus located near
the nucleus and the presence of secretory vesicles reflect the synthetic capacity of these celis. Lysosomes
are élso present, although it is not known if the same fibroblasts are involved simultaneously in the synthesis

and catabolism of ECM components.



Structure of HMGB1

CHAPTER 2

Review literature

The high mobility group (HMG) chromosomal proteins were discovered in mammalian cells more

than 30 years ago and named according to their electrophoretic mobiiity in polyacrylamide gels“g). The HMG

proteins are subdivided into 3 superfamilies; HMGB, HMGN and HMGA. Each HMG superfamily has a

characteristic functional sequence motif. The functional motif of the HMGB family is called the ‘HMG-box';

that of the HMGN family is called the nucleosomal binding domain'; and that of the HMGA family is called the

‘AT-hcok’. Proteins containing any of these functional motifs embedded in their sequence are known as

‘HMG-motif proteins’. The revisions, which have been applied to the canonical, mammalian HMG proteins,

can be adapted to HMG-motif proteins from all organisms. The nomenclature of the HMG nuciear proteins

has been revised to facilitate interactions between various laboratories, expedite literature searches and

avoid confusion owing to similarity in the names of unrelated proteins. The main features of the revised

nomenclature are summarized in Table 1.

Table 1*”. Revised nomenclature for the HMG chromosomal proteins

HMG motif protein

Functional motif

HMG proteins

Root symbol New name Old name
(canonical HMGs) {canonicat HMGs)
HMG-box proteins HMG-box HMGB HMGE1,2,...n . HMG-1/HMG-2
NBD proteins NB[> HMGN HMGN1,2,...n HMG-14/HMG-17
ATH proteins ATH HMGA HMGA1,2,...n HMG-I/HMG-Y/HMG-C

ATH: AT-haok, HMG; high mability group, NBD; nucieosome binding domain_



The structure of these three proteins is highly conserved (>80% amino acid identity), and their
biochemical properties are so far indistinguishable. HMGBs are composed of three different domains. The
two homologous DNA binding domains, HMG box A and B, are each approximately 75 amino acids in
length. The C-terminal domain is highly negatively charged, consisting of a continuous stretch of glutamate

or aspartate residues (as shown in fig.1).

HMGB1
HMGB3
HMGB2

{21,22)

Fig.1 . Human HMGBs family are composed of three domains: two homologous DNA-binding domains, A

and B boxes, and a negatively charged C terminus (Acidic tail).

HMGB1 is ubiquitous and only 10 times less abundant than core histones. Exbression of the other
two family members is more restricted: HMGB3 is only expressed to a significant amount during

embryo enesis” ; HMGB?2 is widely expressed during embryonic development, but restricted mainly to
! g

(24)

lymphoid organs and testis in the adult mouse ™. HMGB1 is extremely conserved, and has 99% identity

amongst all mammals. As a highly conserved protein, HMGB1 shares 100% identity in amino acid sequence

{25.26.27}

between mouse and rat, and a 99% amino acid identity between rodent and human . The C-terminal

portion of HMGB1 contains a continuous sequence between 35 and 40 aspartic and glutamic acid residues

and the N-terminal portion of HMGB1 comprises two internal repeats of a positively charged domain ¢f about

80 amino acids {(as shown in fig.2).
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Fig.2 ® Amino acid sequence of murine HMGB1 (MUHMGB1) and human HMGB1 (HUHMGB1).

Expression of HMGE 1

HMGB1 is produced by many cell types, and cellular levels vary in development and age‘zm. The

localization of these proteins in most cells is nuclear. Celiular localization studies have revealed that HMGm

can migrate between the cytopfasm and nucleus in a cell cycle-dependent fashion. The expression and

localization of HMGB1 are summarized in Table 2.

ro - e m e e e




@9,

TABLE 2 ™ High mobility group box protein 1 (HMGB1) expression and localization

Tissue/tumor/cell line Expression Method HMGB1 level Subcellular
level tocation
Tissue
Splean P Cell fractionation High N, C
Thymus P Cell fractionation High N, C
Testis P Cell fractionation High N, C
Liver P Cell fractionation Low C
Aduit brain P Cell fractionation Low C
Thymus P Prechloric acid, CM-Sephadex High in young rat nd
fractionation, acetic acid-urea Low in old rat
polyacrylamide gel electrophoresis
Mammary gland R Northern High in pregnant and non pregnant nd
mice, low in lactating mice and
during gland involution
Testis P Immunchistcchemistry High in spermatogonia, low in N
spermatocytes, absent in
spermatids
Brain 3 Cell fracticnation High in perinatal brain, low in aduit C.M
brain
Brain P Immunohistochemistry Undstectable in most cells of adult N, C, M
brain, During development high in
proliferating and migrating neurons
Brain cortex R mRNA profiling High after damage nd
Spirat cord P immunohistochemistry High in oligodendrocyte in young N, C. M
.rais
Infrequent positive
oligodendrocytesin adult rat
Peripheral nervous P Immunohistochemistry, Western High in neuron, Schwann cells N, C, M
system
Endothelial cells P Immunochistochemistry High N
Smocth muscle celis P immunchistochemistry Low N, C

&




HMGB1 function and secretion
HMGB1 has been irrip!icated in diverse cellular functions, including determination of nucleosomal

“ In the

structure and stability, and binding of transcription factors to their cognate DNA sequences
nucleus, HMGB1 binds to DNA with little or no sequence specificity. The HMG boxes provide the structure-
specific binding sites for DNA with secondary structures. These observations suggested a possible role of

#%0  Hmgb1-deficient mice

HMGB1 in DNA recombination, repair, replication and gene transcription
demonstrated the important role of this gene as a regulator of transcription. These animals died within a few
hours after birth because they were unable 1o use the glycogen stored in the liver as a result of inefficient
activation of glucocorticoid receptor-responsive genes on,

HMGRB1 does not contain a signal sequence and thus, does not traverse the endoplasmic reticuium
or Golgi system, but it is released into the extracellular milieu. HMGB1 can be released actively and
passively under inflammatory or injurious conditions. |

-Active release of HMGB1; cultures of macrophages, monocytes and pituicyles actively release
HMGB1 after stimulate with exogenous bacterial endotoxin {e.g. LPS} or endogenous proinflammaiory
cytokines (e.g. TNF, IL-163, IFN-Y) in a time- and dose-dependent manner “s8)

-Passive release of HMGB1; HMGB1 can also be passively released by necrotic or damaged cells.
HMGB1 is capable of inducing an inflammatory response, thereby transmitting the injury signal to
neighbouring immune Cellé “ |

Cells undergoing apoptosis do not release HMGB1, even when the integrity of their membranes are
lost. Thus, cells undergeing apoptosis fail to activate inflammatory responses, whereas cells undergoing

necrosis release HMGB1 and activate inflammatory responses during tissue injury and trauma o

Binding of HMGB1

Interestingly, HMGB1 is secreted into the extracellular medium upon exposure to the inflammatory
mediators such as LPS, IL-1f and TNF-G“'S‘S).AThe secretory pathway fof HMGB1 is a mystery since the
protein lacks a conveniional signal seguence for secretion. The previous study identified receptor for
advanced glycation end products (RAGE) as a cellular binding site for HMGB1, based on binding and
functional data . This receptor is a member of the immunoglobulin superfamily and is expressed on
mononuclear phagocytes, vascular smooth muscle cells and neurons B33 Secreted HMGBT stimulates the
synthesis and release of proinflammatory cyickines by monooytes{%). This, in turn, induces transcription of
RAGE by a mechanism that is not yet clear, and stimulates further TNF-Ql release. The previous studies of

structure/function of HMGB1 revealed that a motif in the C-terminus is responsible for RAGE binding oo



The role of HMGB1 in the inflammatory regulations

The cytokine activity of HMGB1 has been well-documented in many cell types (Table 3) B0 in vitro

study, macrophages, monocytes, and pituicytes stimulated by LPS, IL-1, or TNF secrete HMGB1

4.5

Stimulation with HMGB1 increased expression of TNF mRNA and induced the release of proinflammatory

cyiokines from monocytes.

@86),

(34,38}

TABLE 37: Actions of HMGB1 in vitro and in vivo

Cells

HMGB1

- Effects

Macrephages/monocytes

Endathelial cells

Neutrophils |
Epithclial cells

Dendritic cells

Smooth muscle cells

1) Increase TNF mRNA and protein release; increase IL-
1A, IL-1RA, IL-6, 1L-8, MIP-10 and [3 release.

2) Release after LPS stimulation.

tnduces expression of adhesion molecules (ICAM-1,

VCAM-1) and RAGE; induces cytokine release (TNF and

IL-8) and expression of MCP-1, tPA, and PAI-1.

Increase TNF, 1L-1 B and IL-B gene expression.

Increase enterocyte permeability.

1) Increase TNF, IL-10, -6, IL-8, and IL-12 release. .

2} Increase CD40, CD54, CD58, CD80, and CD83

expression.

Cause cell migration and cytoskeleton reorganization.

Inflammation

Increase neutrophil adhesion,

inflammation, regutation of fibronolysis

Inflasmmation
increase bacterial translocation

Dendritic cell maturation -

Chemotaxis

Tissue

tffects

Brain

Lung

Intestine

Joints
Heart

Others

Induces fever, ancrexiz, taste aversion, and weight loss;
induces brain cytokine expression (TNF, IL-1, arg IL-6).
Cause acute lung injury, increased pulmonary levels of
TNF, lL-1B and MIP-2, lung edema, and neutrophil
accumulation,

Cause intestinal barrier of dysfunction and bacterial
transtocation.

Induces arthritis and inflammation

Arrhythmia

Bactericidal activity

10



These results show that HMGB1 acts as a potent, proinflammatory cytokine, orchestrates a cascade
of injurious, inflammatory responses, and induces a broad spectrum of systemic changes in various sysiems
in vitro and in vivo.

Previous study indicated the important role of HMGB1 in chronic inflammatory diseases such as
Rheumatoid arthritis. HMGB1 were elevated in synovial fluid of patients with rheumatoid arthritis as well as in
that experimental arthritis in animal models % Administration of HMGB1 into mice joints also induced

40}

arthritis changes “ and stimulated the synovial macrophages to release proinflammatory cytokines

(a1)

including TNF, iL-18, IL-6. " These data indicate that HMGB1 plays a role in the inflammatory and
destructive probesses in the pathogenesis of arthritis.

The kinetics of HMGB1 accumulation in vivo has been studied in murine models of endotoxaemia
and sepsis. SerumlHMGB1 was first detectabie 8 hours after administration of an LD50 dose of endotoxin,
and increased 1o a prolonged plateau level from 16 to 32 hours after endotoxin infusion “ | PS induced the
appearance of HMGB1 protein in the conditioned medium that was not apparent at earlier time points.

Serum HMGB1 remained significantly elevated for at least 72 hours, a time course similar to the delayed

kinetics in endotoxaemia as shown in fig.3.

HIAGBS

. 42
Flgure.3( ) Early versus

late mediators of

endotoxin lethality.

Vertebrates treated with

lethal doses of LPS )

P8  Hows Geye

succumb at latencies of

up fo several days, long after serum TNF and IL-18& have returned to basal levels. The kinetics of HMGB1

release is delayed, and parallels the onset of lethality.
The release of HMGB1 by activated macrophages, its causative role in lethal endotoxemia, and its

activity as a macrophage-stimulating agent (Table 4) reveal that HMGB1 is a fate cytokine mediator of

systemic inflammation.

11




TABLE 4"%; Pathophysiology of HMGB1 release

Cell Culture Mice Humans
Release of HMGB1 increased levels in pituicyle cultures Increase in serum 16 h after LPS Elevated levels of HMGRB1
8-10 h after TNF stimulation administration, and remains elevated detectable in serum of patients
and in macrophage cullures 8 h after for=36 h with surgical sepsis and
LPS stimulation hemorrhagic shock

Hemorrhagic shock, like septic shock, is characterized by activation of inflammatory cytokines, even
in the absence of bacterial products. Serum HMGB1 levels were increased significantly within 24 hours after

the onset of hemorrhagic shock and returned toward basal level as the clinical conditions improved “)

Possible role of HMGB1 in periodontal pathogeiesis

~ Periodontitis is a chronic inflammatory disease that leads to loss of tooth supporting structures and
eventually the tooth itse]f. The pathogenesis of periodontitis is complicated. Evidences strongly supported
that bacteria is involved in initiate and progression of the disease both directly and indirecily. The bacteria
are capable of producing virulence substances directly damage periodontal tissue breakdown and alveotar
bone resorption(m. Periodontal disease is caused by bacteria in dental plague, with evidence that specific
periodontal pathogens are responsible for the progressive form of the disease. However, some individuals
harbor these specific. microorganisms, but do not appear to show evidence of disease progression.
However, the periodontal tissue destruction mainly results from host immune and inflammatory response to
the microbial challenge. It is now accepted that the host responds to bacteria and their products entering
the tissues, activating inflammatory and immune processes by increasing the secretion of inflammatory
cytokines and host proteolytic enzymes. This is the major cause of the periodontal destruction hdosd 7
Patient susceptibility is of utmost importance to the outcome of periodontal disease, and although
periodontal bacteria are the major eticlogical agents, the host immune response to these bacteria is of

(4

fundamental importance n Although patient susceptibility is of major importance in determining the

outcome of périodontai disease, the problems in detecting susceptible individuals have not been solved.

The study of cytokines in pericdontal disease lesions may throw some light on this problem and may also
suggesi future lines of therapy.

Cytokines are recognized as being vital in the immunopathology of an ever-increasing number of
diseases, and the production of appropriate cytokines is essential for the development of protective
immunity. If inappropriate cytokines are elicited, destructive or progressive disease can result “

Determination of the features of both the host and pathogen that direct how and where the organism is

12



presented to cytokine¥producing cells is necessary if to understand the pathogenesis of not only periodontal
but all infectious diseases. Cytokines are low-molecular-weight proteins involved in the initiation and effector
stages of immunity and inflammation, in which they regulate the amplitude and duration of the response.
They interact in a network: first by inducing each other, second by transmodulating cell surface receptors
and third by synergistic, additive or antagonistic interactions on cell function “) There appears to be a very
complex network of interactions within the immune system. During disease progression, pathogenic bacteria
can invade host cells by shedding vesicles containing microbial toxins, proteases, and LPS. These

. . . . . 50,51
molecules penetrate the tissues, and stimulate monocytes to secrete mediators of inflammation wost

LPS or endotoxin are major constituents of the outer membrane of most Gram-negative bacteria (452
- Systemically, LPS is capable of inducing all the symptoms of septic shock, including fever, vascular collapse
and death. Locally, LPS can stimulate various cell types including monacyies, macrophages,
polymorphonuciear leukocytes (PMN), B-lymphocyte, vascular cells, epithelial cell and fibroblasts. These
cells react to LPS in several ways such as mediator production, phagocyiosis, proliferation and
differentiation. LPS can trigger monocytes to release inflammatory mediators such as IL-1,-6,-8, and TNF that

. . . . 10,563,54
increase local destruction of the connective tissues structure elements’ )

. Host responses can aiso be
regulated by cytokines produced by several cell types in response to stimulation with LPS. In this regard, the
macrophage plays an important role in regulating local inflammatory responses to bacterial insult by the
production of cytokines, particularly proinflammatory iL-1b, TNF- , the anti-inflammatory 1L-1 receptor

(10.53,55)
)

antagonist (IL-1ra and HMGB1%.

Apart from the inflammatory cells, PDL fibroblasts themselves also play imbortant roles n
- pathogenesis of periadlontitis by participating in synthesis and degradation cf tissue matrix componenis.
PDL fibroblasts located in the periodontal ligament space. Not only did they form and maintain periodontal

R . . {56,57,58,58,60)
ligament but also repair, remodel and regenerate of the adjacent alveolar bone and cementum =

HPDL fibroblasts can express proinflammatory cyfokines e.g. IL-6 and IL-8 afier induced by LPS a2
However, there has been no study on the expression of HMGB1 in HPDL fibroblasts. Thus, to observe
cellular response to periodontitis, this study was taken on HPDL fibroblasts with or without stimuiation by

LPS.

o

13



CHAPTER 3

METHODOLOGY

Cell culture and activation by LPS

Human Periodontal Ligament Fibroblasts (HPDLF), Human Gingivai Fibroblast s (HGF), Human
Pulpal Fibroblasts (HPF) were cultured from the explants obtained from the non-carious, freshly extracted
third motars, or teeth removed for orthodontic reason with inform consent" . The periodontal ligament (PDL)
was scraped from the middle third of the root. Pulpal tissue was obtained from the pulp chamber after
separated the tooth. Gingival tissue was obtained from healthy gingiva attached to extracted tooth which
was removed for orthodentic reason. All of the tissue were washed with sierile phosphate buffer saline (P8S)
and cut into small pieces, then plated into 60-mm ftissue cultured plates (Nunc, Napervile, 1L, USA). All
explants as well as KB cells line (originally from ATCC NO.CCL-17: cral epidermal carcinoma celi) were
grown in Dulbecco’'s Modified Eagle Medium (DMEM) supplemented with 5% fetal calf serum (S%FCS-
DMEM), 2mM L-glutamine, 100 units/ml penicilin and 100 pg/ml streptomycin at 37 °¢ in humidified
atmosphere of 5% CO,. Media and the supplements were from Gibco BRL (Carlsbad, CA, USA). Cells from
the third o eighth passages were used in this study. Lipopolysaccharide (LPS) from Escherichia coli (E.coli)
(0111:B4 serotype) (Sigma) was dissclved in distilled water and stock prepared at 10 uM.

Cells were seeded in 6-well plates (2x1050eils/weli) (Nunc, Napervile, IL, USA) or in 96-well plate
(15,000 cellsiwell) in 5% FCS -DMEM and allowed to attach ovemigiht. After attachment, celis were washed
3 times with DMEM and media changed to serum free DMEM (SF-DMEM) as weli as 2.5% fetal caif serum
(2.5%FCS-DMEM). In LPS treatment group, LPS was added to a final concentration of 25 pg/mi and 50 pg/mi
and terile distilled water was used as a control. Duration of LPS treatment were 24 hours for RNA extraction,

48 and 72 hours for cell lysate extraction and conditioned media collection.
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HMGB1 expression determination
To determine HMGB1 expression, total RNA analysis was performed by RT-PCR and protein
analysis was investigated both in cell lysate and cultured media by Western analysis.
-RNA analysis
Total RNA extraction
Total RNA was extracted using TRIzol reagent (Life Technologies), as recommended
by the manufacturer. Briefly, 1 ml of TRIzo! reagent was added to each well for 5 mins. Then
200 pl of chloroform were added and centrifuged at 10,000 rpm, 4°c, for 15 mins. The upper
aqueous part was collected, 500 pl of isopropancl was then added and centrifuge at 10,000
rpm, 4°c, for 10 mins. The cell pellet was collected and washed With 75% ethanol, mixed and
spun down. The pellet was air dried at room temperature. Total RNA was dissolved by

adding 15 yl of RNase-free water, warmed at 55°¢ for 10 mins and stored at -70 °c until used.

-First strand cDNA synthesis

First strand cDNA was generated according to RevertAid " first strand cONA
synthesis kit (Fermentas, Life sciences, USA). The RNA was first DNase-treated in a 20 ul
reaction containing 10 pg of RNA, 2 ! PCR buffer, 10 U DNase, and 40 U RNase inhibitor.
Reverse transcription was conducted in a 25 yl reaction of 2 pg of DNase-treated RNA, 0.5
ug of ofigo d(T) 12-18 and DEPC-treated water. The reaction was heated to 70 °c for 10 mins
tnen chilled on ice for 5 mins. The content of 5X reaction buffer, 40 U of ribonucleaée
inhibitor and dNTP was added into the mixture and incubated at 37 °c for 5 mins before the
addition of 1 pl of RevertAid " M-MulV reverse transcriptase. The mixiure was mixed and

incubated at 42 °c for 1 hour. The mixture was then collected and stored at -20 °C until used.

-Polymerase chain reaction (PCR) condition

The PCR was performed using Tag polymerase with a PCR volume of 25 pl. The
mixtures contained 10 pg-1ug of cDNA template, 0.2 mM of each dNTPs, 1x PCR bhuffer,
MgCl, concentration between 1-5 mM, 0.6 U of Tag DNA polymerase, 0.2-0.3 pM of HMGEB1
and GAPDH primers. The PCR waorking conditions were set for initial activation at 85 °¢c, for &
mins, a denaturation at 94 °c, for 15 sec, primer annealing at 53 °c, for 1 min, chain
eldngation at 72 °c, for 1 min and final extention ét 72 °c for 10 mins on a DNA thermal cycler
(ICycler, BioRad} The ampliﬁed.DNA Was then electrophoresis on a 1.6% agarose gel and
visualized by ethidium bromide staining. |
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-Semi-quantification and agarose gel electrophoresis

-Primer selection and determination of Tm
HMGB1 primers were synthesized by OPERON (A Qiagen company). The
sequence of primers were determined using the clustalx 1.6b. Primers were length between 18
to 25 bases and Tm combrised between 57 to 65 °c (oligo v.3.4). To determine specificity, all
sequences were compared with the Genbank using the program Blast available at the National

Center for Biotechnology Information website (www.ncbi.nim.nih.gov). The glyceraldehyde-3-

phosphate dehydrogenase (GAPDH) was used as an internal control.
The sequences of primers are as follows:
HMGB1; forward-CTCTTCTGCTCTGAGTATCGC
reverse-CAACTGAAGATGAAAAAACTACC
GAPDH; forward; 5-TGAAGGTCGGAGTCAACGGAT-3'
reverse 5-TCACACCCATGACGAACATGG-3'.
The PCR reaction was performed in 25 ut of TagMan universal PCR master mix {PE
Applied Biosystems) conta.ining 25 pmole of each primer, 200 nM of the TagMan probe and
0.8 ng of sample DNA. The PCR conditions were initially 85 °c for 5 mins followed by 22 tc 26
cycles of 84 °c for 15 sec and annealing at 53 °c for 1 min and extension at 72 °c for 1 min.
-Cycle numbers (Determination of cycling parameters)
The PCR amplifications were carried out at different cycie numbers including 18, 20,
22, 24, 26, 28 and 30. After amplifications, PCR products were run on an agarose gel
electrophoresis. In order to compare between control and LPS treated group, appropriaie
cycle number, between 22-26 cycles, was selected.
~Control for competition between primer sets
To determine the competition between primer sets, cDNAs were ampiified at 3
conditions; 1) ampiification with the control primer set, 2) amplification with the interesting
gene primer set, and 3} ampilification with both primer sets. PCR products were run on the
agarose gel. The band intensity of each primer set was compared. Decreasing of band
intensity indicated competition between two primer sets. When competition was detected,
different reaction condition were tested (e.g. adjusting the concentration of MgCL).
The ratio between the interesting gene and the internal control products was determined by
ectrophoresis on 1.6% agarose gels. PCR products were combined with the gel-ioading dye before
ading to the agarose gel. A 100 bp DNA ladder was used as s standarc*DNA marker. After electrophoresis
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at 100 volts, the gel was stained with 2.5 Mg/mt ethidium bromide (EtBr) for 10 minutes and destained in

distilled water for 15 minutes.

- Protein analysis

Conditioned media were collected for extracelluian_' protein measurement. Then, cells were washed
with PBS and protein exiracted by 100 pl of 1% SDS for cell lysate analysis. The total proteins were
measured by Bradford reagent. All samples were fractionated by 10% SDS-PAGE. Amount of samples
loading were calibrated base on amount of total protein in cell lysate. The proteins were then transferred to &
(poly) vinylidene difluoride immunoblot membrane (PVDF) (Bio-Rad Laboratories, Hercules, CA). The
membrane was blocked for 1 hour with blocking solution (5% skim miik in TBS—T) and then incubated with
HMGB1 antibodies (Monoclonal Anti-HMG-1 Clone HAP46.5, Sigma, USA) for 1 hour, at 1:1,000 diiution .
The membrane was washed' for 10 minutes 5 times in washing solution and then incubated with ECL Anti-
Mouse igG, Horseradish Peroxidase-Linked Species-Specific whole Antibody (from sheep) (Amersham
Bioscience, UK) as the secondary antibody, dilution 1:50,000 for 1 hour at room temperature. Signals were
developed with an enhanced chemiluminescence kit (ECL plus) (Amersham Pharmacia Bictech) acéording
to manufacturer’s protocol. For detection df the chemiluminescent signal, the membrane should be exposed
to standard Hyperfi!rnTM ECL (Amersham Bioscience, UK). Adjust the exposure time to the signal strength.

The several exposures may be required in order to generate the appropriate signal strength.

i
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CHAPTER 4

FINDINGS -

HMGB1 RNA and protein expression in oral fibroblasts and oral carcinoma cell line

We first looked at HMGB1 expression in normal oral fibroblasts including HGF, MPDLF and HPF as
well as human oral epidermoid carcinoma (KB) cell line. We performed .RT-PCR and western analysis for
RNA and protein detection respectively. As shown in figure 1, it was found that all cells expressed HMGB1
RNA (fig.1A} as well as HMGB1 protein in cell lysate (fig.1B). However, HMGB1 was not found in conditioned

media for all cells in this study (data not shown).

HMGB1 RNA expression after |.PS activation

E.coli LPS has been known to cause cell injury in manv studies 7628580 e hypothesized that the
activation by LPS may affect HMGB1 mRNA and protsin expression in HGF, HPDLF and HPF. Previous study
has suggested that LPS activation required specific plasma protein such as LPS-binding protein (LBP),
present in serum, in order to mediate attachment to receptors on cells ®7 S0 we initially started the LPS-
activation experiment in HPDLF both serum-free and in 2.5%FCS media condition.

After 24 hours incubation, expression of HMGB1 RNA by semi-quantitative RT-PCR was analysed.
GAPDH as a house keeping gene was used for an internal control. Appropriate cycle number was initially
tested and the cycles between 18 to 30 were selected. The data shoWed that the expression of HMGB1 RNA
in HPDLF has been upregulated by 25 and 50 pg/ml of LPS at 24 cycles only in 2.5% FCS-DMEM condition
{fig 2A), but not clearly upregulated in serum free condition (fig 2B). We then performed LPS-activation
experiments in HGF and HPF only in 2.5%FCS media condition.

As seen in figure 2C, HPF as well showed HMB1 mRNA upreguiation after 50 pg/ml LPS stimulation.

HGF RNA remained unchanged after the treatment (fig 2D).

f’:"
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1A - 680 bp HMGB1 680
- 390 bp GAPDH 390
30 kDa HMGB!
1B

HPDLF HGF HPF KB

Figure 1 Expression of HMGB1 in oral fibroblasts and KB cells.

Cells (2x1050ells/well) were plated in 6-weil-plates. After attachment,
media were changed to DMEM with 2.5% FCS. At 24 and 48 hours, RNA and
cell lysate were collected respectively. HMGB1 RNA were shown by RT-PCR
along with GAPDH (fig.1A). The level of celluiar HMGB1 contained in the cel:

lysate was determined by western anlysis of the cell lysate (fig.1B).
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HMGB1 protein expression and secretion after LPS activation
In this study, we investigated 48-hr-HMGB1 protein expression both in cell lysate and in conditioned
media. It was found that for all cells, cellular HMGB1 was unchanged after 48-hr-LPS treatment, as shown in
fig.3. We also investigated HMGB1 secretion in conditioned media since there has been studies showed
induction of HMGB1 secretion with LPS, IL-18 and TNF-Q stimulation “*® However, after 48-72 hour-LPS

- treatment, we stilt unable to detect HMGB1 in HPDLF conditioned media (data not shown).
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2A

Controf 25 50 ug/mi Control 50 ug/ml

2C

2D

L
Control 25 50 ug/mli

Figure 2 HMGB1 RNA expression after LPS freatment.

HPDLF, HPF and HGF (2><‘IO5 cells/well) were plated in 6-well-plate and
treated with 25 and 50 pg/m_l of E.Coli LPS in 2.5% FCS-DMEM for 24 hours
(fig.2A, 2C and 2 D respectively). Fig 2B was the same treaiment of HPDLF by
LPS but in condition with SF-DMEM. Sterile dH,O was used as a control. After
RNA extraction, RT-PCR was performed to analyse HMGB1 (680 bp) and
GAPDH (390 bp), internal control.
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3A - 30 kDa HMGB1
3B - 30 kDa HMGB1
3C - 30 kDa HMGB1

Control 25 50  ug/ml

Figure 3 HMGB1 protein expression after LPS freatment

HPDLF (3A), HPF (3B) and HGF (3C), 2x10° cellsiwell, were plated in 6-well-
plate and treated with 25 and 50 pg/ml of E.Coli LPS in 2.5% FCS-DMEM for 48 hours.
Sterile dH,O was used as a control. Celiular protein was then extracted and western

analysis performed.
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CHAPTER 5

CONCLUSION AND DISSCUSSION

HMGB1, a small protein discovered 30 years ago, was first described as a nuclear protein but later
found to be extracellular in some cells types 9 previous study showed that, HMGB1 is produced in ma-ny
cell types including monocy{es, macrophages, endothelial cells, dendritic cells and smooth muscle cells etc.
esen Lymphoid cells contain HMGB1 in both cytoplasm and nucleus(sa), whereas cells in liver and brain
tissues contain HMGB1 predominéntly in the Cytoplasm(%). Under inflammatory or injurious conditions,
HMGB1 can be actively released by innate immune cells such as monocytes, macrophages and passively
released by necrctic or damaged celis " This extraceltular HMGB1 triggers an inflammatory response o,

{24.41)

Extracellular roles of HMGB1 include stimulation of cytokine release in monocyte/macrophage , and

. (51¢) . . \ . .
endothelial cells . It also induced chemotaxis and cytoskeleton reorganization in rat smooth muscle cells

67) 4

. However, most cell including kidnéy and adrenal cells are not able {o secrete HMGB1 ™.
There has been no report on HMGB1 expression in human fibroblasts and studies on HMGB1 in oral
cells are still limited. Gingivitis, periodontitis and pulpitis are common oral diseases. They are caused by
bacterial infection and inflammation reaction. it is interesting to know if HMGB1 is involved in these
processes.r Recently, Morimoto et al., found the expressions of HMGB? in the gingival epithelial tissue of the
patients with periodontiti3(18). In the present study, we found the expression of HMGB1 RNA and celiular
protein from primary oral fibroblast cells and KB cells. However, we were unable to detect secreted HMGB1
either in normal condition or stimulated with LPS, suggesting that HPDLF, HPF and HGF might be one of the
ceils lacking extracellular HMGBT.
Previous research showed upregulation of HMGB1 in inflamed cells, tissues or inflammatory

. {4.5,6)
diseases

. HMGB1 is secreted from necrotic or damaged cells @ Here, we used E.Coli LPS to induce
cell injury in HPDLF; HPF and HGF. Resuits showed upregulation of HMGB1 RNA after 24- hour-incubation in
HPDLF and HPF, but not HGF. These stimulation only worked in conditions with media containing fetat calf
serum, confirming the requirement of LPS on LPS-binding protein (LBP) presence in serum™""”.

In this study, HPDLF showed the strongest response te E.Coli LPS whereas HPL required higher
dose of LPS and HGF showed no response to the doses used in this s{udy. Characteristically differences

among the three-fibroblast lines had been previously reported. HPDL and HPF exibited more osteoblast-iike

&
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characteristic than HGF ™ "™ Martinaz & Araujo 7o reported that tenascin (TN) and osteonectin (ONEC)
was timmunoexpressed by HPF but not HGF. An in vitro comparative study showed that protein, collagen
production as well as alkaline phosphatase (AP) level in HPDL was greater than HGF. Also, HPDL expressed
high levels of transforming growth facter B‘f (TGF—B‘I), osteocalcin and cyclic adenosine monophosphate
than did GF""™™ These data suggested different roles of the three-lines in response to LPS.

From previous knowledge, HMGB1 has a very strong TATA-less promotor, and 18-fold more active
than the SV40 promotor w2 HMGB1 gene is transcriptionally controlled by stercid hormone and Hmgbt
upreguiation in rodent are likely to be cytokine-dependent, and channelled through the JAK/STAT signalling
pathway @ H-owever, in our present study, the increased HMGB1 RNA was not accompanied by increased
in protein production, either cellular or secreted. The reason for this discrepancy is still not known. Possible
explanation might be the flimitation of translation or protein degradation process in our particutar in vitro
condition. There has been no previous study on HMGB1 mRNA stability. However, HMGB1 protein appears
very stable: with half-life of more than two-cell generations ™. Aiso, no data exist on post-translationally
modified of HMGB1. There has been a few study of LPS role on HMGB1. Wang et al, © reported HMG-1
mMRNA levels were unaffected by LPS treatment. However, they found increased HMGR1 protein celiularly
and extracellularly. Sass et al demonstrated upregulation of HMGB1 protein after LPS treatment in fiver of
experimental mice an
In conclusion, we found primary oral fibroblasts and KB cell line to contain HMGB1 mRNA and
- cellular protein, but they are unable to secreie HMGB. In the presence of serum, LPS is able to upregulate
- HMGBH1 transcription in HPDLF and HPF, but not in HGF. These might due to different characteristics ameng
: the three Iine.s. However, in this in vitro condition, the upregulation of HMGB1 RNA was unable to proceed to
| protein production. Roles of HMGB1 in oral fibroblasts are still unciear and require further investigation. Also,

the overall physiological relevance of these data remains to be determined.
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