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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. Extracellular HMGB1
activates proinflammatory cytokine and plays important roles in many inflammatory
diseases. However, HMGB1 roles in periodontal disease are still limited. In this study, we
investigated HMGB1 expression in HPDL as well as HPF, HGF and 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 after E.Coli LPS treatment. Results showed that HMGB1 RNA
was upregulated when treated with LPS, but only in the condition with fetal calf serum,
confirming the requirement of LPS to LPS-binding protein (LBP) presence in serum.
However, HMGB1 in cell lysate remained unchanged indicating that the increased RNA
could not proceed through protein production in our experimental condition. Roles of

HMGB1 in periodontitis required further investigation.
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CHAPTER 1

Introduction

Background

High mobility group box protein 1 (HMGB1), a small protein (215 residues), was first
identified 30 years agom. It consists of two consecutive L-shaped basic 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. Previously, HMGB1 was identified as a nuclear component(z). Its role involved
maintaining nucleosome structure and regulation of gene transcription " Later studies
showed extracellular role of HMGB1 as a proinflammatory cytokine<3). 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 released by some cell types. It can be actively released by
macrophages/ monocytes in response to stimulation with exogenous bacterial endotoxin
e.g. lipopolysaccharide (LPS) or endogenous proinflammatory cytokines eg. tumour

)% In addition

necrosis factor (TNF), interleukin 1B (I1L-1 B) and interferon gamma (IFN)-Y
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 to
activate several other cells involved in the immune response or inflammatory reaction.
Therefore, HMGB1 might be a critical molecule that allows 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 releaseing is delayed by several hours
compared with other proinflammatory cytokines that mediate shock and tissue injurym.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,

. . (8) . .
smooth muscle cells, brain, lung, joint and etc. . However, most cells including



lymphocytes, adrenal or kidney cells, are unable to secrete HMGB1Y. Also, HMGB1 is not
released by apoptotic cells even after sequent secondary necrosis and partial autolysis.
Thus, cells undergoing apoptosis fail to activate inflammatory responses<9).

HMGB1 has an important role in several acute and chronic inflammatory diseases
such as sepsis, acute lung injury and arthritis. Periodontitis is an infection disease that leads
to inflammation of the gingiva and destruction of periodontal tissues. Oral microbes are
associated in the initiation and progression of periodontal disease that eventually cause
tooth loss. Gram negative bacteria have become widely recognized as the periodontopathic
bacteria"’. The bacteria are capable of producing virulence substances that directly cause
periodontal tissue breakdown and alveolar bone resorptionm).

LPS, a component of the bacterial outer membrane, is the pathogenic factor in a
wide variety of periodontopathic 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
fibroblasts as well as immune cells to steadily synthesize inflammatory cytokines including
IL-1, IL-6 and TNF-0"'?. These cytokines, in turn, aggravate inflammation, destroy
periodontal tissues, and induce alveolar bone resorptionm’m. When derived from
Escherichia coli (E.coli), LPS serves as polyclonal B-cell mitogens commonly used in
immunology laboratory. Treatment of mice with LPS which cause liver injury, induces a three
fold increase of HMGB1 protein in liver within 1-2 hours'"?.

However evidence of HMGB1 role on oral diseases is still limited. Morimoto et al,
2006"% showed expression of HMGB1 in gingival epithelium of patients with periodontitis as
well as human gingival carcinoma cell line. The aim of this study is to determine the
expression of HMGB1 in human periodontal ligament (HPDL) fibroblasts with or without

stimulation by E.coli LPS. We hypothesized that the HPDL fibroblasts express HMGB1 and

the level of expression is upregulated by LPS stimulation.

Objective of the Study
To examine the expression of HMGB1 in HPDL fibroblasts both in normal condition

and after stimulation by E.coli LPS.



Significance of the Study
The outcome of this study will give sharpened understanding of the biologic basis of
periodontal pathogenesis, which might lead to new strategies for the treatment of

periodontitis.

Scope of the Study

The present study will characterize the mRNA and protein expression profile of
HMGB1 in primary HPDL fibroblasts under normal condition and after treated with E.Coli
LPS.

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 gels.

-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 polyclonal B-cell
mitogens commonly used in laboratory immunology. (From Glossary)

-Human Periodontal Ligament fibroblasts (HPDL fibroblasts): Periodontal ligament

(PDL) cells reside between the cementum of the roots of teeth and the alveolar bone. In this
location PDL cells are uniquely situated to maintain the overall integrity of the periodontal

ligament.



CHAPTER 2

Review literature

Structure of HMGB1

The high mobility group (HMG) chromosomal proteins were discovered in mammalian
cells more than 30 years ago and named according to their electrophoretic mobility in
polyacrylamide gelsm. 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-hook’. 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
nuclear 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) (canonical HMGs)
HMG-box proteins HMG-box HMGB HMGB1,2,...n HMG-1/HMG-2
NBD proteins NBD HMGN HMGN1,2,...n HMG-14/HMG-17
ATH proteins ATH HMGA HMGA1,2,...n HMG-I/HMG-
Y/HMG-C

ATH; AT-hook, HMG; high mobility group, NBD; nucleosome 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).

A B C
HMGB1 | 1 - 215
HMGB3 g 206
HMGB2 | 1] ) ] 201

Fig.1(19’20) 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. Expression of
the other two family members is more restricted: HMGB3 is only expressed to a significant
amount during embryogenesism; HMGB?2 is widely expressed during embryonic development,
but restricted mainly to 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 between mouse and rat, and a 99% amino acid

#2429 The C-terminal portion of HMGB1 contains a

identity between rodent and human
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 of

about 80 amino acids (as shown in fig.2).



! MGEGDPEKFRGEMSSYAFFVWITCREEHKKKHFDASVNFSEFSKKCSERME 5% HuHMGE1
! MGEGDPEEPRGEMS SYAFFVUITCREEHREERHPDASVNEFSEFSERC 5¢ MuHMGE1
A Box

¥ IMSARERGRFEDMAFADFKARYEREMETYIIPPEGETKFRKFEDPNAPERLPS 19" HuHMGEL
5i TMSAKEKGKFEDMANADKARYEREMETTI FPEGETKEKEFEDPNAPERFFS 19" MuHMGRL

10 AFPLPCSEYRPKIKGEHPGLEICOVAKKLOCEMWNNTAADDKOPYERKAAK 150 HUHMGBEL
0t AFFLPCSEYRPEINGEHPGLS IGDVARFLGEMWHNTAADDFOQPYERKARK 150 MuHMGR1
B Box

151 LRERYEFRDIAAYRAKGEPDARAKKGVVKAEKSKEKRXEEEEDEEDEECEEEE 290 HuHMGEL
151 LEEKYERDIARYRAKGEFDAARKHGVVHAEKSHEKAEEEDDEEDEEDEEEE 2% MuHMGEL

0! EDEEDEDEEEDDDDE 1% HUuHMGBEL (Accezas § AABOBEOSRT)
#t1 EEEEDEDEEEDDDDE #1% MuHMGBE1 (Access # ARAM20508)

Fig.2(3) Amino acid sequence of murine HMGB1 (MuHMGB1) and human HMGB1 (HUHMGBH1).

Expression of HMGB1

HMGB1 is produced by many cell types, and cellular levels vary in development and
age(%). The localization of these proteins in most cells is nuclear. Cellular localization studies
have revealed that HMGB1 can migrate between the cytoplasm and nucleus in a cell cycle-

dependent fashion. The expression and localization of HMGB1 are summarized in Table 2.



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

Tissue/tumor/cell line Expression Method HMGB1 level Subcellular
level location
Tissue
Spleen 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 @
Adult 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 Immunohistochemistry High in spermatogonia, low in N
spermatocytes, absent in spermatids
Brain P Cell fractionation High in perinatal brain, low in adult C,M
brain
Brain P Immunohistochemistry Undetectable 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
Spinal cord P Immunohistochemistry High in oligodendrocyte in young rats N, C, M
Infrequent positive oligodendrocytesin
adult rat
Peripheral nervous system P Immunohistochemistry, Western High in neuron, Schwann cells N,C, M
Endothelial cells P Immunohistochemistry High N
Smooth muscle cells =] Immunohistochemistry Low N, C
Monocytes, macrophages P Immunofluorescence High N in resting cells,
C in activated
cells
Tumours
Human hepatocarcinoma R Northern Higher in cancer tissue than in normal nd
tissue
Gastric mucosa and colon R Northern Higher in cancer tissue than in normal nd
tissue
Breast carcinoma P Western Higher in human breast carcinomas nd
than in normal tissue
Human breast cancer R Northern Very variable nd




TABLE 2°” (continue)

Tissue/tumor/cell line Expression Method HMGB1 level Subcellular
level location

Smooth muscle tissue of P 2D gel analysis and mass Higher in tumours with KIT mutation Mainly N

gastro-intestinal tract spectrometry

Mammary and pancreatic R substractive cDNA cloning, Higher in metastatic carcinomas nd

adenocarcinoma Northen

Cell lines

Neuroblastoma P Acetic acid/urea/PAGE Low in differentiated, high in nd
undifferentiated

Friend erythroleukaemia P Acetic acid/urea/PAGE High in differentiated, low in nd
undifferentiated

N18 Neuroblastoma P Immunofluorescence - C, M, filopodia

Muscle cell lines R Northern Low in myotubes, high in myoblasts nd

Leukaemia cell lines P Perchloric acid extraction and Higher in myeloid than in lymphoid nd

SDS-PAGE cells
Melanocytic cells P Western, immunohistochemistry Higher in melanoma than in N
melanocytes
U937 monocytic cells P Immunofluorescence High N in resting cells,

C in activated

cells

Expression level; R=RNA level, P=protein level

Subcellular location; N=nuclear localization; C=cytoplasmic localization, M=plasma membrane localization, nd=not determined

SDS-PAGE= polyacrylamide gel electrophoresis




HMGB1 function and secretion

HMGB1 has been implicated in diverse cellular functions, including determination of
nucleosomal structure and stability, and binding of transcription factors to their cognate DNA
sequences(zg). In the 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 HMGB1 in DNA recombination, repair,
replication and gene transcription“s’w. Hmgb1-deficient mice 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 to use the glycogen stored in the liver as a result of inefficient
activation of glucocorticoid receptor-responsive genes(Zg)

HMGB1 does not contain a signal sequence and thus, does not traverse the
endoplasmic reticulum or Golgi system, but it is released into the extracellular milieu. HMIGB1
can be released actively and passively under inflammatory or injurious conditions.

-Active release of HMGB1; cultures of macrophages, monocytes and pituicytes actively
release HMGB1 after stimulate with exogenous bacterial endotoxin (e.g. LPS) or endogenous
proinflammatory cytokines (e.g. TNF, IL-163, IFN-Y) in a time- and dose-dependent manner*?.

-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 cells”.

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

. L )
tissue injury and trauma .

Binding of HMGB1
Interestingly, HMGB1 is secreted into the extracellular medium upon exposure to the

45,6

inflammatory mediators such as LPS, IL-1(3 and TNF-0**?. The secretory pathway for HMGB1
is a mystery since the protein lacks a conventional signal sequence 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
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immunoglobulin superfamily and is expressed on mononuclear phagocytes, vascular smooth

(31

muscle cells and neurons”"*. Secreted HMGB1 stimulates the synthesis and release of

proinflammatory cytokines by monocytes<33). This, in turn, induces transcription of RAGE by a
mechanism that is not yet clear, and stimulates further TNF-O release. The previous studies of
structure/function of HMGB1 revealed that a motif in the C-terminus is responsible for RAGE

binding®”.

The role of HMGB1 in the inflammatory regulations
The cytokine activity of HMGB1 has been well-documented in many cell types (Table 3)

) In vitro study, macrophages, monocytes, and pituicytes stimulated by LPS, IL-1, or TNF

4,5)

secrete HMGB1“". Stimulation with HMGB1 increased expression of TNF mRNA and induced

the release of proinflammatory cytokines from monocytes.(32’36)



TABLE 3™ Actions of HMGB1 in vitro and in vivo

1"

Cells

HMGB1

Effects

Macrophages/monocytes

Endothelial cells

Neutrophils

Epithelial cells

Dendritic cells

Smooth muscle cells

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

2) Release after LPS stimulation.

Induces 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, IL-1 B and IL-8 gene expression.
Increase enterocyte permeability.

1) Increase TNF, IL-1Q, IL-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, regulation of fibronolysis

Inflammation

Increase bacterial translocation

Dendritic cell maturation

Chemotaxis

Tissue

Effects

Brain

Lung

Intestine

Joints
Heart

Others

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

Cause intestinal barrier of dysfunction and bacterial
translocation.

Induces arthritis and inflammation

Arrhythmia

Bactericidal activity
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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 systems 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 arthritis changes(ag) and stimulated the synovial macrophages to
release proinflammatory cytokines including TNF, IL-10, IL-6*”. These data indicate that
HMGB1 plays a role in the inflammatory and destructive processes in the pathogenesis of
arthritis.

The kinetics of HMGB1 accumulation in vivo has been studied in murine models of
endotoxaemia and sepsis. Serum HMGB1 was first detectable 8 hours after administration of an
LD50 dose of endotoxin, and increased to a prolonged plateau level from 16 to 32 hours after
endotoxin infusion’”. LPS 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.

Figure.3(40) Early versus late mediators of endotoxin lethality. Vertebrates treated with lethal
doses of LPS succumb at latencies of up to several days, long after serum TNF and IL-113
have returned to basal levels. The kinetics of HMGB1 release is delayed, and parallels the

onset of lethality.
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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 late cytokine mediator of systemic inflammation.

TABLE 4“” Pathophysiology of HMGB1 release

Cell Culture Mice Humans
Release of HMGB1 Increased levels in pituicyte cultures Increase in serum 16 h after LPS Elevated levels of HMGB1
8-10 h after TNF stimulation administration, and remains elevated detectable in serum of patients
and in macrophage cultures 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

. . . 41)
level as the clinical conditions |mproved< .

Possible role of HMGB1 in periodontal pathogenesis

Periodontitis is a chronic inflammatory disease that leads to loss of tooth supporting
structures and eventually the tooth itself. The pathogenesis of periodontitis is complicated.
Evidences strongly supported that bacteria is involved in initiate and progression of the disease
both directly and indirectly. The bacteria are capable of producing virulence substances
directly damage periodontal tissue breakdown and alveolar 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®*** Patient susceptibility is of utmost importance

to the outcome of periodontal disease, and although periodontal bacteria are the major
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etiological agents, the host immune response to these bacteria is of fundamental importance(45)

Although patient susceptibility is of major importance in determining the outcome of periodontal
disease, the problems in detecting susceptible individuals have not been solved. The study of
cytokines in periodontal disease lesions may throw some light on this problem and may also
suggest 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 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 molecules penetrate the tissues, and stimulate monocytes to secrete
mediators of inflammation’***”.

LPS or endotoxin are major constituents of the outer membrane of most Gram-negative
bacteria"**”. 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 monocytes, macrophages, polymorphonuclear leukocytes (PMN), B-lymphocyte,
vascular cells, epithelial cell and fibroblasts. These cells react to LPS in several ways such as
mediator production, phagocytosis, proliferation and differentiation. LPS can trigger monocytes
to release inflammatory mediators such as IL-1,-6,-8, and TNF that increase local destruction of

11,51,52
" Host responses can also be regulated by

the connective tissues structure elements'
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
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insult by the production of cytokines, particularly proinflammatory IL-1b, TNF- O, the anti-

(11,51,63

inflammatory IL-1 receptor antagonist (IL-1ra) " and HMGB1"?.

Apart from the inflammatory cells, PDL fibroblasts themselves also play important roles
in pathogenesis of periodontitis by participating in synthesis and degradation of tissue matrix
components. PDL fibroblasts located in the periodontal ligament space. Not only did they form
and maintain periodontal ligament but also repair, remodel and regenerate of the adjacent

5459565159 LPDL fibroblasts can express proinflammatory

alveolar bone and cementum '
cytokines e.g. IL-6 and IL-8 after induced by LPS 2, 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 stimulation by LPS.



CHAPTER 3

METHODOLOGY

Cell culture and activation by LPS

Human Periodontal Ligament Fibroblasts (HPDLF), Human Gingival Fibroblast s
(HGF), Human Pulpal Fibroblasts (HPF) were cultured from the explants obtained from the
non-carious, freshly extracted third molars, 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
orthodontic reason. At least 2 sets for each tissues were used in this study. All of the tissue
were washed with sterile phosphate buffer saline (PBS) and cut into small pieces, then
plated into 60-mm tissue cultured plates (Nunc, Napervile, IL, USA). All explants as well as
KB cells line (originally from ATCC NO.CCL-17: oral epidermal carcinoma cell) were grown
in Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 5% fetal calf serum
(5%FCS-DMEM), 2mM L-glutamine, 100 units/ml penicillin and 100 ug/ml streptomycin at 37
oc in humidified atmosphere of 5% CO,. Media and the supplements were from Gibco BRL
(Carlsbad, CA, USA). Cells from the third to eighth passages were used in this study.
Lipopolysaccharide (LPS) from Escherichia coli (E.coli) (0111:B4 serotype) (Sigma) was
dissolved in distilled water and stock prepared at 10 uM.

Cells were seeded in 6-well plates (2x1050e||s/well) (Nunc, Napervile, IL, USA) orin
96-well plates (15,000 cells/well) in 5% FCS -DMEM and allowed to attach overnight. After
attachment, cells were washed 3 times with DMEM and media changed to serum free
DMEM (SF-DMEM) as well as 2.5% fetal calf serum (2.5%FCS-DMEM). In LPS treatment
group, LPS was added to a final concentration of 25 pg/ml and 50 pg/ml and sterile distilled
water was used as a control. Durations of LPS treatment were 24 hours for RNA extraction,
48 and 72 hours for cell lysate extraction and conditioned media collection. The experiments

were performed twice with duplication in each experiment.
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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 TRIzol 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 isopropanol 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°c for 10 mins and stored at -70 °c until used.

-First strand cDNA synthesis

First strand cDNA was generated according to RevertAid™ first
strand cDNA synthesis kit (Fermentas, Life sciences, USA). The RNA was
first DNase-treated in a 20 pl reaction containing 10 ul of RNA, 2 yl PCR
buffer, 10 U DNase, and 40 U RNase inhibitor. Reverse transcription was
conducted in a 25 pl reaction of 2 ug of DNase-treated RNA, 0.5 pg of oligo
d(T) 12-18 and DEPC-treated water. The reaction was heated to 70 °c for 10
mins then chilled on ice for 5 mins. The content of 5X reaction buffer, 40 U
of ribonuclease inhibitor and dNTP was added into the mixture and
incubated at 37 °c for 5 mins before the addition of 1 ul of RevertAid" M-
MuLV reverse transcriptase. The mixture was mixed and incubated at 42 °c

for 1 hour. The mixture was then collected and stored at -20 °C until used.
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-Polymerase chain reaction (PCR) condition

The PCR was performed using Tag polymerase with a PCR volume of
25 yl. The mixtures contained 10 pg-1ug of cDNA template, 0.2 mM of each
dNTPs, 10x PCR buffer, MgCl, concentration between 1-5 mM, 0.6 U of Taq
DNA polymerase, 0.2-0.3 uM of HMGB1 and GAPDH primers. The PCR
working conditions were set for initial activation at 95 °c, for 5 mins, a
denaturation at 94 °c, for 15 sec, primer annealing at 53 °c, for 1 min, chain
elongation at 72 °c, for 1 min and final extention at 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.

-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 comprised between 50 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.nlm.nih.gov). The

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as an
internal control.
The sequences of primers are as follows:
HMGB1; forward; 5’-CTCTTCTGCTCTGAGTATCGC-3’
reverse; 5'-CAACTGAAGATGAAAAAACTACC-3’
GAPDH; forward; 5-TGAAGGTCGGAGTCAACGGAT-3’
reverse 5-TCACACCCATGACGAACATGG-3'.
The PCR reaction was performed in 25 pl of TagMan universal PCR
master mix (PE Applied Biosystems) containing 25 pmole of each primer,

200 nM of the TagMan probe and 0.8 ng of sample DNA. The PCR
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conditions were initially 95 °c for 5 mins followed by 22 to 26 cycles of 94 °c
for 15 sec, annealing at 53 °c for 1 min chain elongation at 72 °c, 1 min, and
final extension at 72 °c for 10 min.

-Cycle numbers (Determination of cycling parameters)

The PCR amplifications were carried out at different cycle 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, appropriate cycle number, between 22-26
cycles, was selected.

-Control for competition between primer sets

To determine the competition between primer sets, cDNAs were
amplified at 3 conditions; 1) amplification with the control primer set, 2)
amplification with the interesting gene primer set, and 3) amplification 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 electrophoresis on 1.6% agarose gels. PCR products were combined with
the gel-loading dye before loading to the agarose gel. A 100 bp DNA ladder was used as a
standard DNA marker. After electrophoresis at 100 volts, the gel was stained with 2.5 pg/ml

ethidium bromide (EtBr) for 10 minutes and destained in distilled water for 15 minutes.

- Protein analysis

Conditioned media were collected for extracellular protein measurement. Then, cells
were washed with PBS and protein extracted 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 a (poly) vinylidene difluoride
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immunoblot membrane (PVDF) (Bio-Rad Laboratories, Hercules, CA). The membrane was
blocked for 1 hour with blocking solution (5% skim milk 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 dilution . The membrane was washed for 10 minutes 5 times in washing solution and
then incubated with ECL Anti-Mouse 1gG, 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 Biotech) according to
manufacturer’s protocol. For detection of the chemiluminescent signal, the membrane
should be exposed to standard HyperfilmTM 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.



CHAPTER 4

FINDINGS

Expression of HMGB1 in HPDL, HPF, HGF and KB cell line

HMGB1 RNA, protein expression in HPDLF and their responses by LPS activation
were investigated in this study. In our initial study, it was of interest to determine the
expression of HMGB1 in primary HPDLF compare to other oral cells including primary HPF,
HGF as well as KB cell line. We performed RT-PCR and western analysis for RNA and
protein detection respectively. It was found that all cells expressed HMGB1 RNA (fig.1A) as
well as HMGB1 protein in cell lysate (fig.1B). HMGB1 was not found in conditioned media

for all cells in this study.

HMGB1 RNA expression after LPS activation

E.coli LPS has been known to cause cell injury in many studies"**"*"* we
hypothesized that the activation by LPS may affect HMGB1 mRNA and protein expression in
HPDLF. Previous study has suggested that activation by LPS requires specific plasma
protein such as LPS-binding protein (LBP) in order to mediate attachment to receptors on
celis . Thus, we treated HPDLF with E.Coli LPS in 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 cycle between 18 to 30 were selected.
The data showed that the expression of HMGB1 RNA 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).
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HMGB1 protein expression and secretion after LPS activation

In this study, we investigated HMGB1 protein expression both in cell lysate and in
conditioned media. It was found that cellular HMGB1 was unchanged after LPS treatment
for 48-72 hours, 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-13
and TNF-O stimulation . However, after 48, 72 and 96 hour-LPS treatment, HMGB1 was
still undetectable in conditioned media as shown in figure 3C for 96 hour incubation. KB cell

lysate was used as a control.
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HPDLF HGF HPF KB

HMGB1 680 bp

SRR GAPDH 390 bp

-30 kDa

1B l l l

Fig.1 Expression of HMGB1 in various oral fibroblasts and KB cells. Cells (2x105 cells/well)
were plated in 6-well-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 cellular HMGB1

contained in the cell lysate were determined by western anlysis of the cell lysate (fig.1B).
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Control LPS 25 LPS 50

Fig.2A

-HMGB1 680 bp

-GAPDH 390 bp

Control LPS 50

Fig.2B

Fig.2 Upregulation of HMGB1 RNA after LPS treatment. HPDLF (2><1O5 cells/well) were
plated in 6-well-plate and treated with 25 and 50 pg/ml of E.Coli LPS in 2.5% FCS-DMEM
(fig.2A) and SF-DMEM (fig.2B) for 24 hours. Sterile dH,0 was used as a control. After
RNA extraction, RT-PCR was performed to analyse HMGB1 (680 bp) and GAPDH (390
bp), internal control. Only in media with 2.5% FCS that upregulation of HMGB1 RNA

could be seen.
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- 30 kDa
A
- 30 kDa
B
72h
Control LPS 25 LPS 50
- 30 kDa
C
96 h
Control LPS 25 LPS 50 KB
Fig.3

Fig.3 Western analysis of HMGB1 protein in cell lysate and conditioned media. HPDLF
(2x105 cells/well) were plated in 6-well-plate and treated with 25 and 50 pg/ml of E.Coli
LPS in 2.5%FCS-DMEM. Sterile dH,O was used as a control. Cellular HMGB1 was not
upregulated after LPS treatment for 48 and 72 hour (A and B respectively). In figure C
HMGB1 was undetectable in conditioned media after 96 hour LPS treatment. KB cell

lysate was used as a control for western analysis.



CHAPTER 5

CONCLUSION AND DISCUSSION

Many basic and clinical studies support the concept that human periodontitis is a
disease caused by several types of Gram-negative bacteria that mainly exist in dental
plaque ® It has also been clarified that periodontal disease is the end result of the host
immune response to bacterial product such as capsular polysaccharide, outer membrane
protein, enzymes and LPS, rather than the result of one sided invasion of a periodontopathic
bacterium. HPDLF may interact directly with bacteria and their products and it is suggested
that these cells play important roles in the host responses of patients. Previous studies
showed that, upon stimulation by LPS, HPDLF produced various inflammatory cytokines
including IL-6 and IL-8 " These cytokines may then initiate and exacerbate periodontal
inflammatory diseases.

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 “ Previous study showed
that, HMGB1 is produced in many cell types including monocytes, macrophages,

. " (64,65)
endothelial cells, dendritic cells and smooth muscle cells etc.

Lymphoid cells contain
HMGB1 in both cytoplasm and nucleus(%), whereas cells in liver and brain tissues contain
HMGB1 predominantly 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 necrotic or damaged cells”. This extracellular HMGB1 triggers
an inflammatory response " Extracellular roles of HMGB1 include stimulation of cytokine
release in monocyte/macrophage<22'39), and endothelial cells®”. It also induced chemotaxis
and cytoskeleton reorganization in rat smooth muscle cells®, However, most cell including
kidney and adrenal cells are not able to secrete HMGB1®.

There has been no report on HMGB1 expression in human fibroblasts and studies

on HMGB1 in oral cells are still limited. Recently, Morimoto et al., found the expressions of
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HMGB1 in the gingival epithelial tissue of the patients with periodontitis(m). In this study, we
found the expression of HMGB1 RNA and cellular protein from primary oral fibroblast cells
and KB cells. However, we were unable to detect secreted HMGB1 either in normal HPDLF
or stimulated with LPS, suggesting that HPDLF might be one of the cells lacking
extracellular HMGB1.

Previous research showed upregulation of HMGB1 in inflamed cells, tissues or

“*% HMGB1 is secreted from necrotic or damaged cells”. Here, we

inflammatory diseases
used E.Coli LPS to induce cell injury in HPDLF. Results showed upregulation of HMGB1
RNA after 24- hour-incubation. This stimulation only worked in condition with media
containing fetal calf serum, confirming the requirement of LPS on LPS-binding protein (LBP)
presence in serum”®®.

From previous knowledge, HMGB1 has a very strong TATA-less promotor, and 18-
fold more active than the SV40 promotor(eg). Hmgb1 gene is transcriptionally controlled by
steroid hormone and Hmgb1 upregulation in rodent are likely to be cytokine-dependent, and
channelled through the JAK/STAT signalling pathway(m. However, 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 limitation of translation or protein degradation process in our particular 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 generationsm). Also, 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 mRNA levels were unaffected by LPS treatment.
However, they found increased HMGB1 protein cellularly and extracellularly. Sass et al
demonstrated upregulation of HMGB1 protein after LPS treatment in liver of experimental
mice '?.

In conclusion, we found primary oral fibroblasts and KB cell line to contain HMGB1
RNA and cellular protein, but they are unable to secrete HMGB1. In the presence of serum,
LPS is able to upregulate HMGB1 transcription but not protein production in HPDLF. Roles

of HMGB1 in periodontitis is still unclear and require further investigation. The LPS-induced

increase in HMGB1 protein was markedly smaller than the increment in HMGB1 RNA. The



reason for this apparent discrepancy between RNA and protein levels for HMGB1 is not
known. These data may suggest that LPS impaired the translation of HMGB1. The overall

physiological relevance of these data remains to be determined.

28



BIBLIOGRAPHY



BIBLIOGRAPHY

1. Goodwin GH, Sanders C, Johns EW. A new group of chromatin-associated proteins
with a high content of acidic and basic amino acids. Eur J Biochem 1973; 38: 14-
9.

2. Agresti A, Bianchi ME. HMGB proteins and gene expression. Curr Op Genet Develop
2003; 13: 170-8.

3. Wang H, Yang H, Tracey KJ. Extracellular role of HMGB1 in inflammation and sepsis. J of
Inter Med 2004; 255: 320-31.

4. Wang H, Bloom M, Zhang JM, Vishnubhakat M, Ombrellino J, Che A, et al. HMG-1 as a
late mediator of endotoxin lethality in mice. Science 1999; 285: 248-51.

5. Wang H, Vishnubhakat JM, Bloom O et al. Proinflammatory cytokines (tumor necrosis
factor and interleukin 1) stimulate release of high mobility group protein-1 by
pituicytes. Surgery 1999; 126: 389-92.

6. Rendon-Mitchell B, Ochani M, Li J et al. IFN-gamma induces high mobility group box1
protein release partly through a TNF-dependent mechanism. J Immunol 2003;
170: 3890-7.

7. Scaffidei P, Misteli T, Bianchi ME. Release of chromatin protein HMGB1 by necrotic cells
triggers inflammation. Nature 2002; 418: 191-5.

8. Page RC, Schroeder HE. Current status of the host response in chronic marginal
periodontitis. J Periodontol 1981. 52: 477-91.

9. Page RC. Gingivitis. J Clin Periodontol 1986; 13: 345-59.

10. Haeffner-Cavaillon N, Caroff M, Cavaillon JM. Interleukin-1 induction by
lipopolysaccharides: structural requirements of the 3-deoxy-D-manno-2-
octulosonic acid (KDO). Mol Immunol 1989; 26: 285-94.

11. Nishihara T, Koseki T. Microbial etiology of periodontitis. Periodontol 2000 2004; 36: 14-
26.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Yamaji Y, Kuboto T, Sasaguri K, Sato S, Suzuki Y, Kumada H et al. Inflammatory cytokine
gene expression in human periodontal ligament fibroblasts stimulated with
bacterial lipopolysaccharide. Infection and Immunity 1995; 3576-89.

Takashiba S, Naruishi K, Murayama Y. Perspective of cytokine regulation for periodontal
treatment: fibroblast biology. J Periodontol 2003; 74: 103-10.

Rietschel ET, Kirikae T, Schade FU, Mamat U, Schmidt G, Loppnow H, et al., Bacterial
endotoxin: Molecular relationships of structure to activity and function. FASEB J
1994; 8: 217-25.

Sass G, Heinlein S, Agli A, Bang R, Schumann J and Tiegs G. Cytokine expression in
three mouse models of experimental hepatitis. Cytokine. 2002 Aug 7; 19(3):
115-20.

Morimoto Y, Kawahara K, Maruyama | and Izumi Y. Expression of high mobility group
box1 (HMGB1) in gingival epithelial cells. Eur perio 2006.

John EW. History, definitions and problems. In: Johns EW, ed. The HMG Chromosomal
Proteins. London: Academic press Inc. (London) Ltd., 1982; 1-8.

Bustin M. Revised nomenclature for high mobility group (HMG) chromosomal proteins.
Trends Biochem Sci 2001; 26: 152-3.

Hardman CH, Broadhurst RW, Raine ARC, Grasser KD, Thomas JO, Laue ED. Structure
of the A-domain of HMG1 and its interaction with DNA as studied by heteronuclear
three- and four- dimensional NMR spectroscopy. Biochemistry 1995; 34: 16596-
607.

Weir HM, Kraulis PJ, Hill CS, Raine ARC, Laue ED, Thomas JO. Structure of the HMG
box motif in the B-domain of HMG1. EMBO J 1993; 12: 1311-19.

Vaccari T, Beltrame M, Ferrari S and Bianchi ME. Hmg4, a new member of the Hmg1/2
gene family. Genomics 1998; 49: 247-52.

Ronfani R, Ferraguti M, Croci L, Ovitt CE, Scholer HR, Consalez GG et al. Reduced
fertility and spermatogenesis defects in mice lacking chromosomal protein

Hmgb2. Development 2001; 128: 1265-73.



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Wen L, Huang JK, Johnson BH, Reeck GR. A human placental cDNA clone that
encodes nonhistone chromosomal protein HMG-1. Nucleic Acids Res 1989; 17:
1197-214.

Ferrari S, Ronfani L, Calogero S, Bianchi ME. The mouse gene coding for high mobility
group 1 protein (HMG!). J Biol Chem 1994; 269: 28803-8.

Paonessa G, Frank R, Cortese R. Nucleotide sequence of rat liver HMG1 cDNA. Nucleic
acids Res 1987; 15: 9077.

Prasad S, Thakur MK. Age-dependent effects of sodium butyrate and hydrocortisone on
acetylation of high mobility group proteins of rat liver. Biochem Int 1988; 16: 375-
82.

Muller S, Ronfani L, Bianchi ME. Regulated expression and subcellular localization of
HMGB1, a chromatin protein with a cytokine function. J Intern Med 2004; 255(3):
332-43.

Bustin M. Regulation of DNA-dependent activities by the functional motifs of the high
mobility group chromosomal proteins. Mo/ Cell Biol 1999; 19: 5237-46.

Calogero S, Grassi F, Aguzzi A et al. The lack of chromosomal protein Hmg1 does not
disrupt cell growth but causes lethal hypoglycaemia in new born mice. Nat Genet
1999; 22: 276-80.

Hori O, Brett J, Slattery T, Cao R, Zhang J, Chen JX et al. The receptor for advanced
glycation end products (RAGE) is a cellular binding site for amphoterin. Mediation
of neurite outgrowth and co-expression of rage and amphoterin in the developing
nervous sysytem. J Biol Chem 1995; 270: 25752-61.

Schmidt AM, Hofmann M, Taguchi A, Yan SD, Stern DM. RAGE: a multiligand receptor
contributing to the cellular response in diabetic vasculopathy and inflammation.
Semin Thromb Hemost 2000; 26; 485-93.

Schmidt AM, Stern DM. Receptor for age (RAGE) is a gene within the major
histocompatibility class Il region: implications for host response mechanisms in

homeostasis and chronic disease. Front Biosci 2001; 6: 1151-60.



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Andersson U, Wang H, Palmblad K, Aveberger AC, Bloom O, Erlandsson-Harris H, et
al., High mobility group 1 protein (HMG-1) stimulates proinflammatory cytokine
synthesis in human monocytes. J Exp Med 2000:192(4); 565-70.

Huttunen HJ, Fages C, Kuja-Panula J, Ridley AJ, Rauvala H. Receptor for advanced
glycation end products-binding COOH terminal motif of amphoterin inhibits
invasive migration and metastasis. Cancer Res 2002; 62: 4805-11.

Yang H, Wang H, Czura CJ, Tracey KJ. The cytokine activity of HMGB1. J of leuko Bio
2005; 78: 1-8.

Yang H, Wang H and Tracey KJ. HMG-1 rediscovered as a cytokine. Shock 2001;15(4):
247-58.

Kokkola R, Sundberg E, Ulfgren AK, Palmblad K, Li J, Wang H et al. High mobility group
box chromosomal protein 1 (HMGB1)-a novel pro-inflammatory mediator in
synovitis, Arthritis Rheum 2003; 46: 2598-603.

Pullerits R, Jonsson IM, Verdrengh M, Bokarewa M, Andersson U, Erlandsson HH et al.
High mobility group box chromosomal protein 1, a DNA binding cytokine, induces
arthritis. Arthritis Rheum 2003; 48: 1693-700.

Taniguchi N, Kawahara K, Yone K, Hashiguchi M, Goto M. High mobility group box
chromosomal protein 1 plays a role in the pathogenesis of rheumatoid arthritis as a
novel cytokine.Arthritis Rheum 2003; 48: 971-81.

Wang H, Yang H, Czura CJ, Sama AE, Tracey KJ. HMGB1 as a Late Mediator of Lethal
Systemic Inflammation. Am J Respir Crit Care Med 2001; 164: 1768-73.

Ombrellino M, Wang H, Ajemian MS, Talhouk A, Scher LA, Friedman SG, Tracey KJ.
Increased serum concentrations of high-mobility-group protein 1 in hemorrhagic
shock. Lancet 1999; 354: 1446-7.

Sorsa T, Ingman T, Suomalainen K, Haapasalo M, Konttinen YT, Lindy O, et al.,
|dentification of proteases from periodontopathogenic bacteria as activators of
latent human neutrophil and fibroblast-type interstitial collagenases. Infect Immun
1992; 60:4491-5.

Birkedal-Hansen H. Role of matrix metalloproteinases in human periodontal diseases. J

Periodontol 1993; 64: 474-84.



44,

45.

46.
47.
48.

49.

50.
51.

52.

53.

54.

55.

DeCarlo AA Jr., Windsor LJ, Bodden MK, Harber GJ, Birkedal-Hansen B, Birkedal-
Hansen H. Activation and novel processing of matrix metalloproteinases by a thiol-
proteinase from the oral anaerobe Porphyromonas gingivalis. J Dent Res 1997; 76:
1260-70.

Seymour GJ. Importance of the host response in the periodontium. J Clin Periodontol
1991; 18: 421-6.

Kelso A. Cytokines in infectious disease. Aust Microbiol 1990; 11: 372-6.

Balkwill FR, Burke F. The cytokine network. Immunol Today. 1989; 9: 299-304.

Wright SD, Ramos RA, Hermanowski-Vosatka A, Rockwell P, Detmers PA. Activation of
the adhesive capacity of CR3 on neutrophils by endotoxin: dependence on
lipopolysaccharide binding protein and CD14. J Exp Med 1991; 173: 1281-86.

Wright SD, Ramos RA, Tobias PS, Ulevitch RJ, Mathison JC. CD14, a receptor for
complexes of lipopolysaccharide (LPS) and LPS binding protein. Science 1990;
249: 1431-33.

Rietschel ET, Brade H. bacterial endotoxins. Sci.Am 1992; 267: 54-61.

Laude-Sharp M, Haeffner-Cavaillon N, Caroff M, Lantreibecq F, Pusineri C, Kazatchkine
MD. Dissociation between interleukin 1-inducing capacity and Limulus reactivity of
lipopolysaccharides from gram-negative bacteria. Cytokine 1990; 2: 253-8.

Agarwal S, Piesco NP, Johns LP, Riccelli AE. Differential expression of IL-1 beta, TNF-
alpha, IL-6 and IL-8 in human monocytes in response to lipopolysaccharides from
different microbes. J Dent Res 1995; 74: 1057-65.

Mosevitsky MI, Novitskaya VA, logannsen MG, Zabezhinsky MA. Tissue specificity of
nucleo-cytoplasmic distribution of HMG1 and HMG2 proteins and their probable
functions. Eur J Biochem 1989; 185: 303-10.

Hou LT, Yaeger JA. Cloning and characterization of human gingival and periodontal
ligament fibroblasts. J Periodontol; 64: 1209-18.

Strutz F, Okada H, Lo CW, Danoff T, Carone RL, Tomaszewski JE, et al., Identification
and characterization of a fibroblast marker: FSP1. J Cell Biol 1995; 130: 393-405.



56.

57.

58.

59.

60.

61.

62.

63.

64.

65

66

Nishimura F, Terranova VP. Comparative study of the chemotactic responses of
periodontal ligament cells and gingival fibroblasts to polypeptide growth factors. J
Dent Res 1996; 75: 986-92.

Kuru L, Parkar MH, Griffiths GS, Newman HN, Olsen I. Flow cytometry analysis of
gingival and periodontal ligament cells. J Dent Res 1998; 77: 555-64.

Lackler KP, Cochran DL, Hoang AM, Takacs V, Oates TW. Development of an in vitro
wound healing model for periodontal cells. J Periodontol 2000; 71: 226-37.

Kawase T, Sato S, Miake K and Saito S.Alkaline phosphatase of human periodontal
ligament fibrobrast-like cells. Adv. Dent. Res 1988. 2:234-39.

Goldblum S.E., Brann T. W. , Ding X., Pugin J., and Tobias P.S. Lipopolysaccharide
(LPS)-Binding Protein and Soluble CD14 Function as Accessory Molecules for
LPS-induced Changes in Endothelial Barrier Function, In Vitro. J Clin Invest,
Inc.1994; 93 : 692-702.

Hartmut Ruetten & 1Christoph Thiemermann. Effects of tyrphostins and genistein on the
circulatory failure and organ dysfunction caused by endotoxin in the rat: a possible
role for protein tyrosine kinase. British Journal of Pharmacology 1997; 122: 59-70.

Moulin F., Copple B.L., Ganey P.E. and Roth R.A.. Hepatic and extrahepatic factors
critical for liver injury during lipopolysaccharide exposure. Am J Physiol
Gastrointest Liver Physiol. 2001; 281: 1423-1431.

Offenbacher S: periodontal disease Pathogenesis. Ann Periodontol 1,1996:

821-78.

Gardella S, Andrel C, Ferrera D et al., The nuclear protein HMGB1 is secreted by
monocytes via a non-classical, vesicle-mediated secretory pathway. EMBO Rep.
2002; 3: 995-1001.

. Degryse B, Bonaldi T, Scaffidi P et al., The high mobility group (HMG) boxes of the
nuclear protein HMG1 induce chemotaxis and cytoskeleton reorganization in rat
smooth muscle cells. J Cell Biol 2001; 1562: 1197-2006.

. Landsman D, Bustin M. A signature for the HMG-1 box DNA-binding proteins. Bioessays

1993; 15: 539- 46.



67. Fiuza C, Bustin M, Talwar S et al., Inflammatory promoting activity of HMGB1 on human
microvascular endothelial cells. Blood 2003; 101: 2652-60.

68. Schumann RR, Leong SR, Flaggs GW, Gray PW, Wright SD, Mathison JC et al., Structure
and function of lipopolysaccharide binding protein. Science 1990; 249 (4975);
1429-31.

69. Lum H.K.; Lee K.-L.D. The human HMGB1 promoter is modulated by a silencer and an
enhancer-containing intron. Biochimica et Biophysica Acta (BBA)/Gene Structure
and Expression 2001; 1520(1): 79-84.

70. Klaus D.Grasser and Gunter Feix. Isolation and characterization of maize cDNAs
encoding a high mobility group protein displaying a HMG-box. Nucleic Acids
Research 1991; 19(10): 2573-77.



VITAE



VITAE

Name : Miss Kanit Nantasenee

Date of Birth : 11 August 1976

Place of Birth : Bangkok, Thailand

Address : 17/17 Tiwanon Rd., Banmai, Muang, Patumthanee, Thailand 12000

Educational Background :
2006 Master of Sciences degree in Periodontology, Srinakharinwirot
University

2000 Doctor of Dental Surgery (DDS.), Mahidol University



	หน้าปก
	บทที่ 1
	บทที่ 2
	บทที่ 3
	บทที่ 4
	บทที่ 5
	บรรณานุกรม
	ประวัติผู้ทำวิจัย



