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CHAPTER |
INTRODUCTION

A unique feature of the dental pulp is that it is rigidly encased by the mineralized
dentin wall, creating a so called “low-compliance environment”, wherein the pulp tissue
has a limited opportunity to expand. Vasodilatation and increased vascular permeability
evoked during an inflammatory reaction’ results in an increased pulpal hydrostatic
pressure in the interstitial fluid surrounding the‘dental pulp cells (7). It has been reported
that restorative procedures.such.as highipower laser.cutting produced approximately a
fourfold increase in intrapulpal” pressure  (2). Meoreover, dental trauma, uncontrolled
orthodontic forces and ghronic parafynctional forces could also cause pulpal
inflammation and a chronigfrisé in intra-pulpal pressure (3-5). However, little is known
about the role of increased pulpal _.hydroéfataic pressure on the biological response of
human dental pulp cells. | i‘_

Hydrostatic pressure (HP) is a mecha,mcal stimulus, directing cellular activity in

i

both physiological and pathologlcal Condrtloms, The significant role of hydrostatic

pressure has been widely mve}st]_gat‘ed in thg.v_tlgsyps acquiring the loading forces such

as bone, cartilage, intervertebral disc, renal glomeruli, and "v_asculature tissues (6). Cells

respond to hydrostatic pressure through several pathways including increased
intracellular calcium concentration (7), nitric oxide inductien (8), and nucleotide release
(9). Extracellularynucleatides: are .now, recognized,for their essential role in extracellular
signaling and regulation=of cellular activity. Once nueleotides' are released from cells to
the extracellular_space,_they bind_to cell-surface “purinergic recepters of the P2 class
including' 8 'subtypes: ofsthe G4pratien-coupled recéptor P2Y (P2YA, P2Y2, P2Y4, P2Y6,
P2Y11, P2Y12, P2Y13, and P2Y14) and 7 subtypes of the ligand-gated ion-conducting
P2X (P2X1-P2X7) (10). Evidences show the released of nucleotides in response to
pressure changes, for example, increased intraocular pressure triggers an elevated
release of adenosine-5'-triphosphate (ATP) leading to retinal cell damage (171-12).

A number of studies have demonstrated that hydrostatic pressure influenced the

expression of pro-inflammatory cytokines including interleukin (IL)-18 (73-14), tumor
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necrosis factor (TNF)-a (75), and interleukin-6 (IL-6) (16-17). IL-6, a pleiotropic cytokine
regulating humoral and cellular responses, plays a central role in inflammation and tissue
injury. It is rapidly released within dental pulp in response to infection, trauma or other
stress conditions, and also has been detected in the pulp tissue of patient with pulpitis
and periapical lesions. In the inflamed pulp, IL-6 might be involved in the formation of
edema induced by the progressive penetration of Gram-positive oral bacteria into dentin.
In the presence of IL-6, transforming growth factor (TGF)-B1 contributes to the
development of a T helper 17 (Th-17) cell.response, which mediates the attraction of
neutrophils in the inflammatory. process (#8-19). Apart.from its role in immunomodulation,
IL-6 also enhances bone resorption, in. pathological” conditions (20). It increases
osteoclasts recruitment (27)s@ndiacts indi"EeotIy on osteoclastogenesis by stimulating the
release of receptor activatogof nuglear facltlor;xB ligand (RANKL) from osteoblasts (22).

To the best of#our knowledge, n(? study has reported how dental pulp cells
respond to HP in terms jof cytokinésfprodds_:tion. In this study, we simulated increased
intra-pulpal pressure condition byr usmg a rﬁg;cr;;anical stress model and investigated the

ald ol

mechanisms involved in the regulation of_,_-_'_li__fﬁ expression by performing several

molecular approaches including reverse transefiption—-polymerase chain reaction (RT-

PCR), Western Blo_t;j_ enzyme-linked immunoabsorbent_-"fe}_ssay (ELISA) and small

interfering RNA (siRNA)_transfection. The results will be uséful for identify the possible

role of HP in the dental-pulp inflammatory process. -

Problems
1. What is the effect of hydrostatic pressure omsthe IL-6 expression in human dental
pulp cells?
2. Which signaling pathway(s) is/are involved of HP-induced-IL-6 expressions in

human dental pulp cells?



Specific aims
The specific aims of this present study are
1. To determine the effect of HP on of IL-6 expression in human dental pulp cells in
= transcriptional level
- protein synthesis level

- cell morphology

Hypothesis
1. Hydrostatic pres _ | n.in human dental pulp cells.
2. P2Y signaling p ' ) : icif ate in the mechanism that HP modulates IL-6

Expected benefits

The findings will gi the intracellular signaling of IL-6

expression after ‘ir'_

mild chronic pulpal infﬂwma ion'a

immune response. P

AUEINYNINEING
RINNIUUNIININY

iay lhelp to explain why during

-puI pressure may cause a local



CHAPTER Il
REVIEW LITERATURES

Hydrostatic pressure

Hydrostatic pressure (HP) is a mechanical stimulus, directing cellular activity in
both physiological and pathological conditions. Among others, the cell of bone, cartilage,
vascular tissues, tendon fibroblast, intervertebral disc, renal glomeruli, all experience
and respond to HP in vivo (6). The physiologiCal*HP appears to be an essential stimulus
for proper direction of cellularaectivity. O;viously, HP.is a major mechanical stimulus for
bone remodeling througheut lile 0. adapt bone mass and geometry to the functional
demands (Wolff's law). intermittent hydroL_statiC compression promotes the osteoblastic
phenotype in bone organ cultures élnd iri"éasteoblasts (23). In addition, chondrocytes
increase proteoglycan syathesis/in respoltasé; to physiologic levels of HP to maintain
tissue homeostasis (24). On the other hang};_.athe pathological level of HP is involved in
pathological diseases such as ostéoarthriéét’-(25), temporomandibular disorders (26),
tendinopathy (27), atheroscleroé’ié (-28), rena{;bié;{hologies (29) and glaucomatous optic
neuropathy (30). In vitro studies Show that wfr;é'ﬁﬁé cells ape subjected to high levels of

HP (above 100 MPa), ‘célidiéali Will 6ecur Via hecrotic/apapiotic pathways, induction of

heat shock protein (Hsﬁ_)) 70 and Hsp90B, increased in cytosolic levels of denatured
protein and decreased:protein synthesis, possibly by in:hibiting factors necessary for
initiation and elongation’ of translation- process! (37).

It has been shown that the cells have differential response to different loading
magnitudes. The studysto compare the different loading magnitudes,in‘intervertebral disc
cells shows that low hydrostatic pressure (0.25 MPa) tended to increase collagen | and
aggrecan expression, but no influence on the expression of matrix metalloproteinases
(MMP1, MMP2, MMP3 and MMP13) of human nucleus cells. In contrast, high hydrostatic
pressure (2.5 MPa) tended to decrease gene expression of all anabolic proteins with a
significant effect on aggrecan expression but tended to increase the expression of
MMP1, MMP3 and MMP13 of human nucleus cells. These findings suggest that low

hydrostatic pressure has quite limiting effect with a tendency to anabolic effects,
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whereas high hydrostatic pressure causes decreased the matrix protein expression with
a tendency to increase some matrix-turnover enzymes (32). Therefore, the amplitude of
HP is a critical factor to determine whatever the cells respond in physiologic or
pathologic condition, particularly when evaluating the results of in vitro studies.

Currently, much attention has been given to the influences of mechanical stimuli on
stem cell differentiation and proliferation, which provides a rational basis for tissue
engineering and regeneration. For example, cyclic HP was effective in enhancing the
accumulation of extracellular matrix and expression of genes indicative of chondrogenic
differentiation by human_adipose -derived stem..cells in vitro (33). HP promoted
odontogenic differentiation, ea#ly in. vitro mineralization, enhanced in vivo hard tissue
regeneration and responsiveness io bonéi morphogenetic protein-2 (BMP-2) stimulation
by human pulp stem Cells 434). Furthermore, several other mediators such as growth
factors and matrix environment (EQI\/I’ subjStrJates/scaffoIds) were used in concert with

. v
mechanical loading to diggct stem cell.differentiation.

'y
T/

Hydrostatic pressure in the denta!ptjp ;;‘,

The dental pulp is a_highly: 'néurovascfdliﬁ»‘k:onnective_ tissue enclosed in the rigid
mineralized dentin. It shares-many-similafities-with-other ednnective tissues of the body
but it also has ci-rculatory characteristics  with phys:i:ological implications. The
microcirculatory systemj-in the dental pulp lacks collateral circulation. The limited ability
to expand may|severely.compromise the circulation ‘under conditions with increased fluid
volume. Vasodilatation and the increase in vessel permeability are histological events
commonly observed duringiacute:inflammation™(35): Theseé changas [erihance both the
blood volume and the interstitial fluid volume in the inflamed zone of connective tissues.
When an inflammatory reaction takes place in the dental pulp, which is a connective
tissue surrounded by mineralized dentine, it becomes vulnerable since this inflammatory
process is occurring inside of a rigid chamber. Consequently, even a slight increase in

the interstitial fluid volume may raise the pulpal hydrostatic pressure (7).
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Compared to most other tissues, the interstitial fluid pressure in the dental pulp
seems high. Several experimental techniques have been developed to measure pulpal
interstitial pressure. Determination of this pressure during homeostasis and during
inflammation is critical for understanding vascular responses to pulpal injury. Methods to
determine pulpal interstitial pressure include photoelectric methods (36), tonometric
measurements (37) and micropuncture techniques (38). The micropuncture technique is
much less invasive and measurements with this method have provided values in the
range of 6-10 mmHg in cat, ferret and rat (89)..fonder and Kvinnsland (1983) showed
the pulpal interstitial pressure.in cat dental pulp was. 5.5 mmHg in control teeth and 16.3
mmHg at the site of pulpal iaflammation (40). However, this technique is unable to
measure human pulpal pressure becauséL of requiring the direct exposure of pulpal soft
tissue using drills. In"the other way;: Pashley (1981) measured pulpal tissue pressure
through intact dentin by"sealing a needle; Connected to a pressure transducer directly
into cavities prepared, they obtalned a mezgn value of 24.1 mmHg in normal dog molars
(41). Vongsavan and Matthews (1992) estnmqted pulpal tissue pressure in cats teeth by
measuring fluid movement aeross dentln as.a funphon of exogenous pressure. When no
pressure was applied, they mqagqred an out_\fy_a__rg_fjwd flow that slowed progressively as

exogenous pressure was sequentially raised. No fluid rowe‘d_in either direction occurred

when the mean exogenous pressure was 11 mmHg. Tﬁis’ equilibrium pressure was
thought to be equal to pulpal tissue pressure (42). However, these approaches unable to
show actually level of .human pulpal hydrostatic pressure, in..vivo, therefore, a new
combined approach™isneeded" 1o ‘better! understand the ‘intricate circulatory changes
occurring during the development of pulpal inflammiation.

Besides inflammation, Il has. been! shown(that | restorative. procedures cause
increased intrapulpal pressure. For example, high power laser cutting produced
approximately a fourfold increase in intrapulpal pressure (2). Crown cementation created
the measurable pressure, that transmitted to the pulp chamber (43). Moreover, hot water
and tactile stimuli produced an inward fluid movement (44), which causes an increase in

pulpal pressure (45). Furthermore, dental trauma, uncontrolled orthodontic forces and
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chronic parafunctional forces cause pulpal inflammation and a chronic rise in intra-pulpal
pressure (3-5).

Berggreen and Heyeraas (1999) have shown that calcitonin gene-related peptide
(CGRP) seems to be mainly responsible for the increase in pulpal blood flow and
interstitial fluid pressure during electrical tooth stimulation (46). Recent study
demonstrated an increase in the blood vessel diameter occurs during the time course of
the rat induced pulpitis and suggested that rennin-angiotensin system plays an important
role in the regulation of vascular tone during.the pulpal inflammation (47).

-

Cellular mechanotransduction of-hydrostatic pressure

Up to date, numegous .studies ha‘l/e investigated the cellular response to HP.
However, the exact mechanisms by WhiCh;C%||S sense HP and transduce into a cascade
of cellular and molecular events; ar'? wstill unclear. Some possible cellular
mechanotransduction mechanisms are shd&&g in Figure 2.1. The early responses to HP
including the opening of‘ion:channels (4S)jf.-_[pcreased intracellular calcium (7), nitric
oxide induction (8), prostaglandlh p'roductioﬂ;fb), nucleotides release (9) have been
described. Moreover, several-membrane pfﬁ%é%s— have bgen shown to be mechano-
sensitive to HP, includning—mlegﬁms—(é&é#—and—g—pﬁ@teﬁrcbupled receptors (GPCRs)
(52-53). It has beenkéhown that HP activates multiple inir"a-lcellular signal transduction
cascades such as thosé- involving mitogen-activated protéin kinase (MAPK)(54), protein
kinase C (PKC)(65) and nuclear factor=xBNF-xB) (66): For €xample, cultured human
optic nerve head (ONH) astrocytes showed increased nuclear localization of c-Fos and
c-Jun undertexpostre to«HPImmunahistochemistry tdemonstrated that the upstream
regulatorg of c-Fos and c-Jun, extracellular signal-regulated kinase (ERK) and p38

MAPK localized to the nuclei of ONH astrocytes in monkeys with experimental glaucoma

(57).



Mechanical Loads

Cell membrane
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JE

It has been r p‘ched that HP stim trix genes (e.g. collagen)

and induces cellulartinflammatory re ioh of COX-2 and production

A example, Reza and Nicoll obsﬂved increased production of

)
collagen Il in intervert ﬂ c.cells fr t%%r nnulus.exposed to 5 MPa HP (59).
Almarza and Aﬁﬁvjj djoﬁrﬂdﬁe cre ﬂﬁllﬂeﬁ gene expression and
proteinéoduction when aﬁy‘i%q 10 MPa static HP=to temporomandibular joint disc cells
r of

(60). A itma anﬂn ﬁumu m&gﬂrﬂﬂ@ l-?Bl influenced  the

q

expression of pro-inflammatory cytokines including interleukin-18 (49), tumor necrosis

of prostaglandin E,).

factor-a (16), and IL-6 (55). Among them, IL-6 is one of the pro-inflammatory cytokines
that received attention from researchers because IL-6 is a pleiotropic cytokine and
implicated in the pathogenesis of rheumatoid arthritis, osteoporosis, and stress-induced

pathological bone resorption.
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Extensive studies were performed to explore the effect of HP and mechanical
stress to IL-6 expression in various cell types. In human periodontal ligament cells
treated with 1 MPa of HP for 60 minutes, enhancement of IL-6, IL-8, TNF-a mRNA
expression was observed, which caused no morphological changes of cells and did not
affect the cellular viability (717). The other study shows human dermal fibroblasts survive
and to be active in producing IL-6 under high hydrostatic pressure, up to 40 MPa for 20
minutes, which involved the PKC signaling pathway (55). The exposure to elevated
pressure (70 mmHg) induces a twofold increase.in release by microglia (67). In addition,
continuous compressive force (1.0-3.0 g.AcmZ) stimulates the production of IL-6 and IL-6
receptor (IL-6r) both mRNA zndspretein by human osteosarcoma cell line Saos-2 (62). In
human dental pulp cells, it has been shovlyn that mechanical strain activates [L-1B, TNF-
a, IL-6, as well as antioxidant enzymeStL(63). However, there is no direct evidence

demonstrating the role of HR/on inﬂa_mmato’fy cytokines in dental pulp cells.
\

Interleukin-6 )
3 .J‘d'_!

IL-6 is a 26-kDa glycopeptide that ini_EJ:]'Jr:‘;]ans is encoded by the /L6 gene on
chromosome 7. It has previouély’beén knowjrfll'é:s'*!ﬁépatocyte—stimulating factor, cytotoxic
T-cell differentiation | faCtor;~B=celidifferentiation factor; yB-cell stimulatory factor 2,
hybridoma/plasmacytdm'a growth factor, monocyte granulocyte inducer type 2 and
thrombopoietin. The vairiety of its name reflects the pléiotropism of IL-6. IL-6 is an
interleukin that'acts as'both a pro-inflammatory’ 'and anti-inflammatory cytokine. IL-6 is
one of the mostiimportant mediators, of fever and of the acute-phase response. It is
capable, of' crossing the blood brain “barrier “and initiating, synthgsis. of PGE, in the
hypothalamus, thereby changing the body's temperature setpoint. IL-6 can be secreted
by macrophages in response to specific microbial molecules, referred to as pathogen
associated molecular patterns (PAMPs). The role of IL-6 as an anti-inflammatory
cytokine is mediated through its inhibitory effects on TNF-a and IL-1, and activation of IL-
1 receptor antogonist (IL-1RA) and IL-10. The IL-6-like family of cytokines has more than
10 members, including interleukin-11 (IL-11), interleukin-27 (IL-27), and leukaemia

inhibitory factor (LIF), ciliary neurotrophic factor (CNTF), cardiotrophin-1 (CT-1),


http://en.wikipedia.org/wiki/Fever
http://en.wikipedia.org/wiki/Acute_phase_response
http://en.wikipedia.org/wiki/Blood_brain_barrier
http://en.wikipedia.org/wiki/PGE2
http://en.wikipedia.org/wiki/Hypothalamus
http://en.wikipedia.org/wiki/Macrophages
http://en.wikipedia.org/wiki/Pathogen
http://en.wikipedia.org/wiki/PAMP
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cardiotrophin-like cytokine (CLC), oncostatin M (OSM), Kaposi's sarcoma-associated
herpesvirus interleukin 6 like protein (KSHV-IL6), because these cytokines that signal

through receptors containing glycoprotein 130 (gp130).

Receptor binding and activation

IL-6 signals primarily through a protein complex including the membrane-bound,

non-signaling a-receptor subunit. (IL- ¢ two signal-transducing gp130 subunits.

While gp130 is expresse is predominantly expressed on

hepatocytes, neutrophils,@s ‘V ) nd lymphocytes. However, IL-6
can also signal via a 1 0\ at lacks transmembrane and
cytoplasmic component 7ranebound gp130 subunits in
a process known as trangssi (Fig ‘_ 2.2)) is generated either by limited

proteolysis of the membr: g 16 ternative mRNA splicing. sIL-6R is

transported in bodily fluids i -.,ES‘ ﬂie of cells able to respond to IL-6.
" il ]

AR UM INTTR Y

Figure 2.2 IL-6 signaling mechanism. IL-6-mediated signal transduction through classical

(A) and trans-signaling (B) pathways. In IL-6 trans-signaling, sIL-6R is generated either
by limited proteolysis of the membrane-bound IL-6R or by alternative mRNA splicing. In
both classical and trans-signaling, responses are elicited through engagement with

membrane-bound gp130 (64).
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Once IL-6 binds its receptor and gp130 homodimerization occurs, a signaling
cascade is triggered. The Janus kinases (JAK) are activated, followed by the recruitment
of signal transducers and activators of transcriptions (STATs). Phosphorylated STATs
translocate to the nucleus where they activate gene transcription. IL-6 also activates the
mitogen-activated protein kinase cascade, which is upstream of various molecules

involved in cell survival and stress responses (Figure 2.3).

N

Function of Interleukin-E

“ a Q
(1) IL-6 and adﬂi% l%l;%e r%lgﬂ ﬁ w EI ’] n fj'

IL-6 was oqr'ilginally identified asfa B-cell differentiation factor;dt/plays an important
role inaeﬁ\;][oa\é& a §|M—NM|Q ’pgas%]i E‘l alzalL%l induces B-cell
differentieﬁion through its action on plasmablasts and more recently has been shown to
induce B-cell antibody production indirectly by promoting the B-cell helper properties of
CD4"T cells via the production of IL-21.

In addition to B-cell development, IL-6 influences T-cell development. When
activated, naive T cells develop into either effector or regulatory T cells. Effector T cells

are further subdivided into Th-1, -2 and -17 cells, all of which have pro-inflammatory
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properties. Animal studies have shown that Th-17 cells are important mediators in
autoimmune diseases and the host defense against extracellular pathogens. Th-17 cells
produce IL-17, -12 and -22. In murine models of autoimmune diseases, differentiation of
Th-17 is regulated by the cytokine milieu. In the presence of transforming growth factor-
B (TGF-B) alone, naive T cells differentiate into regulatory T cells and development of Th-

17 cells is suppressed. When IL-6 is present together with TGF-B, naive T cells develop

the host defense respoqmt b@:terﬁﬂmgl suggesting that IL-6 may

development. Taken together,

into Th-17 cells through actlvanon nd induction of the transcription factor

retinoic acid-related orphan rec 6) Th-17 cells are also involved in
contribute indirectly to fi
these findings demonstrat N t role in the development of the

adaptive immune response

4
R R9NT UK w#ﬁ’%ﬁsﬁ’ ¢)

Figure 2.4 Role of IL-6 in T-cell differentiation (66).

The presence of IL-17 was associated with an exacerbation of inflammatory
response and bone resorption in both rat and human periapical lesions (67). Recent

study shows that in situ expression of IL-17 was increased in human radicular cysts and
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periapical granulomas (68). Moreover, IL-17 has a role in osteoclastogenesis through an
interaction between osteoclast progenitors and osteoblasts (69). Since IL-17 was
involved both in PGE, synthesis and in RANKL mRNA expression in cultures of
osteoblasts, Kotake ef al. hypothesized that IL-17 may induce osteoblast-related COX-2-
dependent PGE, synthesis, which is responsible for RANKL expression (69). In addition,
IL-17 upregulates receptor activator of nuclear factor XB (RANK) on human osteoclast
precursors in vitro, leading to increased sensitivity to RANKL signaling, osteoclast
differentiation and bone loss (70). Furthermore,. it has been demonstrated that IL-17 is
involved in joint degradation. in  juxta-articular.bone and synovium explants from

rheumatoid arthritis patients (/)

i

' |

(2) IL-6 and bone resorptiondin Datholoqica[eonditions

it

IL-6 is produced by both stromal é;el!é and osteoblasts in response to several
stimuli such as lipopolysaceharides ‘.(LPS),::?h_arathyroid hormone, 1,25-dihydroxyvitamin
D3, TGF-B, IL-1 and TNF-a. Once releé.s"éd IL-6 stimulates bone resorption and
osteoclast formation (72). Therei“(‘)re,= IL-6 has;éggathogenetic role in the abnormal bone
resorption associated, with rheUrﬁétdid arthri:ti'lé",_"r‘!ddltiple myeloma, Paget's disease and
other bone diseases characterized by excessive osteoclastofgenesis and focal osteolytic
lesions. |

IL-6 enhances bc;ne resorption in many ways. Firsf, it induces the production of
RANKL by bore marrew mesenchymall cells: and. losteablasts. Under physiological
conditions, these'cells express low levels of IL-6R, but in the presence of slL-6R, STAT3
is activated and thesgxpression; f RANKL ‘istinduced (73).The binding of RANKL to its
receptor “RANK activates NF-¥B, ERK1/2, and p38 MAPK signaling, and induces
osteoclast maturation and the expression of osteoclast-associated receptors (OSCAR),
an immunoglobulin-like surface receptor that acts as a co-stimulatory receptor for
osteoclast differentiation (74).

Second, IL-6 induces in tumor cells the expression of several proteins involved in
bone resorption such as parathyroid hormone-related protein (PTHrP), IL-8, IL-11,

RANKL, and COX-2. IL-6 and sIL-6R stimulate PTHrP production by osteoblastic stromal
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cells via MEK/ERK1/2 pathways. PTHrP increases the expression of RANKL and
downregulates the expression of osteoprotegerin (OPG), the decoy receptor for RANKL
by osteoblasts tipping the bone metabolism toward osteolysis (75-76).

Third, by stimulating the expression of Wnt-Signaling Antagonist, Dickkopf 1
(DKK1) in tumor cells, IL-6 inhibits Wnt-mediated osteogenesis and further imbalances
the bone homeostasis toward excessive degradation (77). IL-6 also increases the activity
of estradiol 17 B-hydroxysteroid dehydrogenase, thereby inhibiting the anti-osteoclast
activity of estrogens, promoting osteolysis and hypercalcemia in breast cancer patients
(78). In addition, IL-6 down-regulates the synthesis. of genes like type Il collagen and
aggrecan, contributing t0'a decrease in.new bone formation (79-80).

i

(3) IL-6 and diseases ‘ ' &

it

IL-6 is relevant t@ many "diseaé;e “processes such as diabetes (87-82),
atherosclerosis (83), depression. .(84), A&;hejmer's disease (85), systemic lupus
erythematosus (86) , prostate cancer (8f5+‘t'syetemic sclerosis (88) and rheumatoid
arthritis (89). Advanced/metastatic cancer pan_en{‘é also have higher levels of IL-6 in their
blood. Hence there is.an interestin developiﬁ‘gj'_éﬁti‘—lLﬁ agents as therapy against many
of these diseases. The-firstsuch is tocilizamab which has berén approved for rheumatoid
arthritis (90). Another,:siltuximab (CNTO 328) is @ monoclonal anti-IL-6 antibody which

has been successfully applied in several models representing prostate cancer (97).

(4) 1L-6 and dental pulp

IL-6 is onel of inflammatoryicytokines that has been.releaséd within dental pulp
during inflammation. Significant quantities of IL-6 have been detected in the pulp tissue
of patient with pulpitis (92) and periapical lesions (93). The production of IL-6 from
human dental pulp cells is also stimulated by bacterial challenge, pro-inflammatory
cytokines and sensory neuropeptides (94-95). IL-6 is associated with periapical bone
resorption (96). Moreover, IL-6 elevated the mRNA expression of MMP-1,3,14,11,

increased the plasminogen activator activity of dental pulp cell (97) and enhanced dental
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http://en.wikipedia.org/wiki/Atherosclerosis
http://en.wikipedia.org/wiki/Major_depressive_disorder
http://en.wikipedia.org/wiki/Alzheimer%27s_Disease
http://en.wikipedia.org/wiki/Systemic_lupus_erythematosus
http://en.wikipedia.org/wiki/Systemic_lupus_erythematosus
http://en.wikipedia.org/wiki/Prostate_cancer
http://en.wikipedia.org/wiki/Rheumatoid_arthritis
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http://en.wikipedia.org/wiki/Anti-IL-6
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pulp fibroblast mediated type | collagen degradation (98), suggesting IL-6 may involve in

pulp destruction during inflammation.

P2Y6 receptor

P2Y6 receptor is a member of purinergic receptor family and encoded by the
P2RY6 gene. The human P2Y6 receptor gene is localized in chromosome 11913.3-13.5.
cDNA cloning of P2Y6 receptor is identified in three cDNA isoforms, among which two
isoforms have identical contigueus open reading frames (ORFs) but differ in their 5’
untranslated regions (5 UTRs), originatiﬁg probably from alternative splicing, and the
third isoform represents _aspseudogene. ‘P2Y6 receptor is widely distributed in various
tissues, including placenta, splegn; thymlills, small intestine, blood, heart, blood vessels
and brain. On the cellular level, P2Y§ ré:ggptor is expressed in many kinds of cells,
including intestinal epithelial cells;* T cel't;s (affected T cells), monocytes, microglia,
vascular endothelia cells, Cardiomy_ocytes::',:_,smpoth muscle cells and neurons in the
guinea pig enteric nervous gsystem..lfs mRNA expression has also been detected in

Sy

motor neurons and spinal sensory-peurons.

Il

Overview of purinergic receptor

Purinergic reoepfdrs are a family of newly characterized plasma membrane
molecules, which, respgnd 10, extracelldlar Auclebtices There<are two main families of
purine receptorsyadenosine or P1 receptors, and P2 receptors, recognizing primarily to
nucleotidesy ' Adenasine/P1, receptarsy have Mbeen, further | subdivided, according to
convergent molecular, biochemical, and pharmacological evidencCe into four subtypes,
A1, A2A, A2B, and A3, all of which couple to G proteins. Based on differences in
molecular structure and signal transduction mechanisms, P2 receptors divide naturally
into two families of ligand gated ion channels and G protein-coupled receptors termed
P2X and P2Y receptors, respectively. To date, seven mammalian P2X receptors (P2X1-

7) and eight mammalian P2Y receptors (P2Y1, P2Y2, P2Y4, P2Y6, P2Y11, P2Y12, P2Y13
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and P2Y14) have been cloned, characterized, and accepted as valid members of the

P2 receptor family.
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Figure 2.5 Membra es. The P1 receptors for

extracellular adenosinﬂare G protein-coupled receptors' that signal by inhibiting or
activating ade ﬁ Elﬁ 9‘1 ﬂﬁypes of receptors (P2X
and P2Y). The ‘P2 ZT nnels (b), and the P2Y
family a otein-coupled r ), (99). .. =~ ,
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Pharmacologically P2Y receptors can be broadly subdivided into (1) adenine
nucleotide-preferring receptors mainly responding to ADP and ATP. This group includes
human P2Y1, P2Y11, P2Y12, and P2Y13 (2) uracil nucleotide-preferring receptors. This
group includes human P2Y4 and P2Y6 responding to either UTP or UDP (3) receptors of
mixed selectivity (human P2Y2) and (4) receptors responding solely to the sugar

nucleotides UDP-glucose and UDP-galactose (human P2Y14) (10). On the other hand,
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the P2Y family can be subdivided into two groups based on their coupling to specific G
proteins. The P2Y1, P2Y2, P2Y4, P2Y6 and P2Y11 receptors couple to Gqg, to activate
phospholipase B (PLCR), and the P2Y12, P2Y13 and P2Y14 receptors couple to Gi, to
inhibit adenylyl cyclase. The P2Y11 receptor has the unique property to couple through
both Gg and Gs (Table 2.1).

Table 2.1 The properties of P2Y receptors (7.00).

Properties of P2Y receptors.”

Group Receptor Chromosome Native agonist Selective agonist Selective antagonist G protein
(human) (human, pEC;,] (pEC;,) (pICsq)
A P2V, 3q24-25 ADP'(5.09) MRS2365 (9.40) MRS2500 (9.02), Gq
MRS2179 (6.48)
P2Y; 11g13.5 UTP (8.10), MRS2698 (8.10), PSB-716 (5.01), Gq (+Gj)
AP (7.07) MRS2768 (5.72) AR-C126313 (8)
P2y, Xq13 UiP (550 1§ N N/A® G, (+ G)
P2Y, 119135 UDP (gi52)9= % PSB-0474 (7.15), MRS2578 (7.43) Gy
. 4 S5-iedo-UDP (7.83) [nen-competitive]
P2Y1, 19p31 ATPI(4.77) - NF 546, (6.27) NF340 (7.14) Gq + G
B P2Y;2 3q21-28 ADP (7.22) —t N/A AZD6140 (7.90), G
\ & AR-CG9931MX
v (9.40),
- PSB-0739 (9.8)
P2Y3 3q24-25 ADP (7 .54) i R NN MRS2211 (597) G
P2Y14 324-25 UDP-glltase ;a45j,j' J  MRS2690 (7.31), * G

UDR (6:80) S MRS2802 (7.20)

a: The missing numbers in the classification répresent either nonmammalian orthologs or
receptors having somé sequence homology to P2Y receptors, but for which there is no
functional evidence of responsiveness to nucleotides.

b: The pharmacology of.some P2Y receptors.exhibits,. species. differences: whereas the
human P2Y4 is'a UTP-reeeptor, the rat'and mouse P2Y4 receptors are activated
equipotently by ATP and UTP.

c: Selectivelligands not yet availablesOther useful nénselective agenists.include
(pEC50): INS365 (7.00 at P2Y2), 20-azido-20-deoxyUTP (7.14 at P2Y4), INS48823 (6.90
at P2Y6), AR-C67085 (5.05 at P2Y11) and 2-MeSADP (7.85 at P2Y12 and P2Y13). Other
useful nonselective antagonists include (pIC50): PPADS (<5.0 at P2Y4) and 2-MeSAMP
(4.00 at P2Y12).

d: UTP is also an agonist of the P2Y6 receptor.

e: Non-nucleotide antagonists have been reported.
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Extracellular nucleotides are ubiquitous molecules that regulate a wide spectrum

of biological effect via membrane-bound purinergic receptor. A nucleotide is composed
of a nitrogenous base, a five-carbon sugar (either ribose or 2'-deoxyribose) and one to
three phosphate groups. There are five nitrogenous bases. The so-called pyrimidines
(cytosine, thymine, and uracil) are smaller, having only one ring structure. The larger
purines (adenine and guanine) have two rings. There are five major native ligands of the
P2Y receptors (Figure 2.6) are

i ) ry| e 5 -triphosphate (ATP), adenosine 5'-
diphosphate (ADP), uridine "tri , ridine 5" -diphosphate (UDP), and
&e @.#rre

UDP-glucose. Figure 2.7 SMOf these nucleotides and the

subtypes that they acti

including fluid flow (710 h (103-104) and hydrostatic

pressure (11). Thus, me | result in the local release in

nucleotide level, which t acti , ' ptors in paracrine or autocrine

fashion.
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Figure 2.6 The molecular structures of five major naturally occurring P2Y receptor

agonists (105).
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Nucleotide release from cell:
1) Exocytotic

@ 2) Hypoxialstress induced
3) Cytolytic

Nucleotide receptors ‘
on same or
neighboring cells:

1 T

Inhib ATP Platelet aggreg @utrophil Intestinal L8 Dendritic cell

release In Anllapomoll I .§ecro 3 production, activation,
erythrocytes effect orid Vasoconstric  Glial cell
activation
Figure 2.7 Correspondegnces of the aﬁfg incipal r > ligands of the human P2Y
receptors and the subtypes th
Structure of P2Y6 receptor
Like other receptors-of-the-F; __,,.__.._:__ Y6 rec as seven transmembrane

ology with the TM domains of other
P2Y1-like receptors, such, as P2Y1 (43.0%), P2Y2 (47.7%), P2Y4 (48.2%) and P2Y11

(31.6%) (105). ﬂaﬂﬂ/ﬁa?‘dﬂﬁ%ﬂeﬁd@Tm cDNA encoding P2Y6

receptor subtyp&! from rat aortic smooth muscle cell cDNA library and analysed the
¢ o o/
r

functiomfwmr@\{ ﬂ)im ﬁ msﬁtﬂwmﬁ educed amino

acid sequences of receptor clone. An in-frame initiating codon (nucleotides 440-
442) is in the context of the Kozak translation initiation consensus sequence and is
preceded by an in-frame stop codon. The predicted molecular mass of 36.7 kDa of this
protein is substantially low among G protein-coupled receptors and close to that of A1
adenosine receptor and several odorant receptors so far reported to have the smallest
molecular weight. Hydropathy analysis of the clone reveals seven stretches of

hydrophobic amino acids, predicted to represent membrane-spanning domains
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characteristic of the G protein-coupled receptors. The amino-terminal region
preceding the putative first transmembrane domain contains a single potential
asparagine-linked glycosylation site, and the third intracellular loop and cytoplasmic tail
have two recognition sites (Ser-235 and Thr-320) for phosphorylation by PKC. This
protein also possesses a humber of residues conserved in most of the G protein-coupled

receptors such as Asp in the second transmembrane domain, Leu in the second and the

ediately behind the third transmembrane

transmembrane domains. A Cys in

the carboxyl-terminal region.conserved C G protein-coupled receptors,

which may be a mem( ing ; site, and a Asp in the third
. o

transmembrane doma ‘ ' G prote upled receptors for charged

amines are absent in t

AU INENTNEINS
RINININUNINYAY
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Figure 2.8 The nucleohde se uencé. and the prédicted amino aGid sequence of the
cloned maﬁ)ﬁﬂ ‘gjom umnm llnal]\ afrg.ulwe stop codon
precedmg the initiating codon. Potential N-linked glycosylation site (4) in the amino-
terminal region and phosphorylation sites (®) for protein kinase C in the cytoplasmic loop
and the carboxyl-terminal region are indicated. Both symbols are below the amino acids.
The putative transmembrane domains |-VIl assigned on the basis of the results of Kyte
and Doolittle hydropathicity plot are indicated by single underlining. Pon(A)+ signal
AATAAA is indicated by single underlining (106).
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Agonist of P2Y6 receptor

As a ligand of P2Y6 receptor, UDP is approximately 100-fold more potent than
UTP, whereas ADP, ATP and their 2-methylthio derivatives are almost inactive. Cells can
synthesize UDP de novo or by salvage of uridine. The physiological role of UDP is less
well understood compared to the other nucleotides. However, extracellular UDP
promotes widespread and pronounce cellular responses. For example, UDP induces the
production of proinflammatory cytokines/chemokines, including IL-8, TNF-a, interferon-
inducible-protein-10 (IP-10), and monocyte’ ehemotactic protein-1 (MCP-1) in human
leukemic monocyte lymphoma celi-line ('0937) stably transfected with the human P2Y6
receptor (107). Moreover, UDP reduced intraocular pressure by 82.9+2.6% compared to
control acting probably on P2Y6 receptoéﬂs present on the ciliary processes, which, by
vasoconstriction, would significantly r‘éducé the production of the aqueous humour. UDP
therefore may be used for the treatm—enit of c'?pcutar hypertension and glaucoma (708).

In the cardiovascular system;. extraloijeg!!u‘l__ar pyrimidines have several effects, as
showed UDP and UTP induce not anly vasdbj}ggtriction through P2Y receptor stimulation
on vascular smooth muscle c"e“lrls,' but a!@dhatation on endothelial cells, thereby
regulating vascular tone and bfoed pressurei(";'('}é—‘ﬂ7). Extr_’acellular UTP and UDP have
also been shown tormediate-growth-stifmulation-and oell-rﬁigration in vascular smooth
muscle cells (112—774). Patients with acute myocardial infarétion had significantly higher
UTP levels, indicating rélease during ischemia (175). On the surface of cardiac cells,
there are ectofucleotidases rapidly’ hydrolyzing nucleotides (UTP to UDP to UMP to
uridine). Because UTP is rapidly degraded to UDP, these findings of cardiac UTP
releaseindicate that\URP-willdbespresent] in the circulationiwithypossiblé actions on the
heart viagP2Y6 receptors. This rapid degradation also results in much lower plasma
levels than the actual nucleotide concentrations at the cell surface. Inotropic effects of
UDP, mediated by P2Y6 receptors via an |IP3-dependent pathway may involved in the
development of cardiac disease (7115).

However, measurement of extracellular UDP released was difficult due to the
complexity of measurement method and lack of a sensitive assay for the quantification of

UDP mass since its rapidly degrade. Some report determined the extracellular UTP
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levels by using enzymatic approach based on the high selectivity of UDP-glucose
pyrophosphorylase for UTP as a co-substrate for the conversion of [140]—glucose—1P to
[MC]—UDP—qucose (116). The percent conversion of [140]—g|ucose—1P to [14C]—UDP—
glucose was determined by high-performance liquid chromatography (HPLC). In most
resting attached cultures, extracellular UTP concentrations were found in the low
nanomolar range (1 + 10 nM in 0.5 ml medium bathing 2.5 cm’ dish). Up to a 20 fold
increase in extracellular UTP levels wasi abserved in cells subjected to a medium
change. Extracellular UTP levels were 10 -/30%0f the ATP levels in both resting and

mechanically-stimulated cultured cells (1.17).

Antagonist of P2Y6 receptor. \

Various nonselective antagor‘i'ists of P2Y receptors including reactive blue 2,
suramin and pyridoxal-5’—phospha.te-é-azé:)lphenyl—Z,4—disuIfonate (PPADS) have been
used for antagonize P2Y receptots.l_The P'é-j(_.ﬁ‘;receptor IS blocked by reactive blue 2,
PPADS and suramin with apparent,aﬁtagoﬁﬁsl-qpotencies decreasing in this order (718).
Suramin is a polysulfonated nabﬁth’ylurea, @Baples G-proteins from receptors, when

given at high micromolar coneentrations i’éﬁ'@r—.«‘,"30—100 ‘pl\/l) affects all nucleotide-

sensitive P2Y receptors'wi%h—nqeuexeepﬁen@f—th&%%reeeptdr (119).

Figure 2.9 Structure of suramin.

Up to now, only one class of selective antagonists of the P2Y6 receptor has been
reported. Mamedova et al. synthesized a series of symmetric aryl diisothiocyanate
derivatives and showed that diisothiocyanate derivatives of 1,2-diphenylethane

(MRS2567) and 1,4-di-(phenylthioureido) butane (MRS2578) inhibit UDP activated PLC
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activity in concentration dependent, with IC50 values of 126 + 15 nM and 37 + 16 nM,
respectively. Figure 2.11 shows the concentration-response curve for UDP acting at the
P2Y6 receptor (EC50 230 + 83 nM) was inhibited by MRS2567 and MRS2578.
Additionally, the selective antagonists MRS2567 and MRS2578 (1 uM) completely
blocked the protection by UDP of cells undergoing TNFa-induced apoptosis. Moreover,
MRS2567 and MRS2578 at 10 uM did not affect the UTP (100 nM)-induced responses of
cells expressing P2Y2 and P2Y4 receptors, nor did they affect the 2-methylthio-ADP (30

nM)-induced responses at the P2Y1 receptor.orthe ATP (10 uM)-induced responses at

H/K - '- HN\”/NH

the P2Y11 receptor (120).

3

Figure 2.10 Structure of MRS2578.
e m Control
40000~ ' ) 4 +MRS2567 [10 pM]

: ® +}MRS2578 [10 uM]
7500

25004

of inositol phosphate, cpm
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Figure 2.11 Inositol phosphate production in human P2Y6-transfected 1321N1 human
astrocytes. After labeling with myo—[3H]inositoI (1 puCi/106 cells) for 24 hours, the cells
were treated for 30 minutes at 37 °C with antagonists in the presence of lithium chloride,
followed by addition of the agonist, UDP, for another 30 minutes. The quantity of inositol
phosphates was analyzed after extraction though Dowex AG 1-X8 columns. Data shown

are from the combined results of three independent experiments in triplicate.
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Function of P2Y6 receptor

P2Y6 receptor is one of most P2Y receptor subtypes have been intensively
investigated during the past decade. The major draw-back in studying the function of
P2Y receptors is the presence of ectonucleotidases on the plasma membrane that
degrade the native agonist and antagonist nucleotides. Products of the enzymatic
hydrolysis might either be inactive or have activity at other P2Y receptor subtypes (705).
Additionally no reliable and sensitive assay Js available to measure the extracellular
concentration of UDP (the ligand of P2Y8 .receptor). However, a growing body of
evidence indicates that P2Y6 recepior pﬁjy important roles in a wide range of biological
processes including immunoinflammation, vasoconstriction, cytoprotection, counteract

apoptosis induced by TNE& and ingréase'survival of osteoclasts.

a3 |

(1) P2Y6 receptor and immanoififlammation,

i

The presence of P2Y6 transcripts in human spleen, thymus and blood leukocytes
¢ ") |l
o
suggest a possible role of P2Y6_. receptor inthe: lir‘nmune system. The study of a role for

P2Y6 receptor in T-cell function show that a'_E_iVated peripheral T cells show increased

J i

levels of P2Y6 receptor-mRNA. Together with, RT-PCR. analysis of CD4+ and CD8+

subsets illustrates stfor_wg expression in both -activatea';CD4+ and CD8+ T cells.
Stimulation of resting and activated T cells with the P2YG_ligand, UDP, caused a rise in
the intracellular free calciumisconcentration in‘only the activated subset, indicating the
presence of functional receptor. Bylin situ hybridization, P2Y6 receptor expression was
detected in the T cells of the thymic medulla and spleen, whereas no signal was
detectediin the bone marrow, fetal liver,.or Iymph nodes. Interestingly; P2Y6 receptor is
highly expressed in the T cells infiltrating active inflammatory bowel disease, whereas its
expression was absent from the T cells of unaffected bowel (727).

In the mucosa of the colon of chemical induced-colitic mice, showed increased the
expression P2Y6 receptor mRNA by 3-fold after 7 days of treatment (722). Consistent
with in vitro study, revealed that the expression of P2Y6 receptor was increased by

challenging intestinal epithelial cell-6 and colon carcinoma cell line (Caco-2/15) with
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TNF-a and IFN-a. It also demonstrated that stimulation of epithelial cells by UDP results
in an increased expression and release of IL-8 by an ERK1/2-dependent mechanism.
The increase in IL-8 expression was associated with a transcriptional activation by the
P2Y6 receptor. These data suggested P2Y6 receptor is involved in the pathogenesis of
ulcerative colitis (722). Furthermore, another study reports that UDP stimulates IL-8
release via P2Y6 receptor in human monocytic cells induced by LPS (723). Moreover, it
has been shown that human neutrophil peptides (HNPs)-induced IL-8 production is
predominantly regulated by the P2Y6 recepiorinsepithelial cells. The exact mechanisms
by which HNPs signal through the P2Y6.receptor.remain unknown (724). These findings
indicate a role for P2Y6 in'inflagamation and immune defenses.

UDP caused microglial phagooytos‘js through P2Y6 in a concentration-dependent
manner, and that netronal” ipjury f gaused: by kainic acid (KA) up-regulated P2Y6
receptors in microgliay” the KA-evoked 'ﬁeg_ronal injury: resulted in an increase in
extracellular UTP, which was immediately rﬁjgtébolized into UDP in vivo and in vitro (725).
P2Y6 receptor seems to trigger pﬁag-ocytos;'fr.é;;_tﬁlrough the pathway(s) mediated by PLC-
linked Ca”" and PKC. UDP lea}gedjfrom tﬁ;—;iﬁ;jpred neurons caused P2Y6 receptor-
dependent phagocytosis in viy_o__and in vitﬁ[\fli_qroglia expresses P2Y6 receptor that

function as a sensor offphagocytosis. The activation of P2Y6 receptors by UDP would be

a key event in initiating the clearance of dying cells or debris in the central nervous
system. Thus, P2Y6 receptor agonist promises to be«a therapeutic application in
neurodegenerative conditions ‘such .as Alzheimer's disease,.via.an increased clearance
of amyloid-p depasits:

The study of P2Y6 knockout (KO) mice show:that these mice are viable and are not
distinguishable from' the wild4yge «(WT) mice lin tterms lof growth, .behavior fertility.
However, the P2Y6 KO mice have a defective response to UDP in macrophages,
endothelial cells, and vascular smooth muscle cells. The amount of IL-6 and
macrophage-infammatory protein-2 released in response to LPS stimulation was
significantly enhanced in the presence of UDP, and this effect was lost in the P2Y6 KO

macrophages. The endothelium-dependent relaxation of the aorta by UDP was abolished
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in P2Y6 KO mice. The contractile effect of UDP on the aorta, observed when endothelial
nitric-oxide synthase is blocked, was also abolished in P2Y6 KO mice (126).

In addtion, UDP induces soluble TNF-a and IL-8 production in a promonocytic
U937 cell line stably transfected with hP2Y6. Surprisingly, UDP induces the production of
IL-8, but not TNF-a, in human astrocytoma 1321N1 cell lines stably transfected with
hP2Y6. Therefore, the effect of UDP/P2Y6 signaling on the production of proinflammatory
cytokines is selective and dependent on cell types. In addition, UDP can also induce the
production of proinflammatory chemokines MGEP-1. and IP-10 in hP2Y6 transfected
promonocytic U937 cell lines, but not astrocytoma.1321N1 cell lines stably transfected

with hP2Y6 (107).

(2) P2Y6 receptor and Vascular.system <+ &

_—

UDP stimulates mitogenesis of vaSCLIJ]ar’-?smooth muscle cells through activation of
P2Y6 receptors. The intracelltlar signal patH@ay_-s are dependent on PLC, possibly PKC-
5, and a tyrosine kinase pathway but in&fe’be‘ndent of Gi proteins, eicosanoids, and
protein kinase A. Moreover, PQYB recepﬁé_';és}’l;ilplay a prominent role in mediating
contraction of human.cerebral arteries (127)i.“""1"".hé_ P2Y6 receptor is involved in both the
direct contraction (7128) and-endothelium-dependent relaxa"tion (129) of the aorta by
UDP. T :

(3) P2Y6 receptor and cell survival

In 1321N1 human astrocytes,”activation of=R2Y6 receptors'prevents apoptosis
induced by tumor necrosis factorsa (130), suggesting that the P2Y6 receptor play a role
in cell survival. Consistent with that, treatment of rat osteoclasts with UDP increased
osteoclast survival by initiate anti-apoptotic signals that enhance the life span of
osteoclasts, thus increased bone resorption. Activation of P2Y6 receptors on osteoclasts
induces transient increase of [Ca2+]i and translocation of NF-XB through a proteasome-

dependent mechanism (1317).
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(4) P2Y6 receptor and mechanotranduction

Some evidences have been reported that P2Y6 receptor involved in the
mechanotransduction of cells. For instance, mechanical stretch induces release of
nucleotides (UDP) through pannexin-1 hemichannels from cardiac myocytes, which
leading to stimulation of P2Y6 receptors. Nucleotide-bound P2Y6 receptor activates

Ga12/13 proteins then induces the expression of fibrogenic factors, which activate

A
cardiac fibroblasts in a paracrine manne y/ ivated fibroblasts produce excessive
i, leading to f cardiac fibrosis (53).

. ‘v ‘ —V-V
High shear stress a/em ) de St

receptors, whereas P2Y2 and
P2Y6 receptors were upie ) [ & \'ﬁ level and protein level in smooth

receptors stimulate growth and
migration of SMCs, in;:r e \\ ptors could promote vascular
- fluid shear stress (12 dyn/cm )
regulates NFXB activity Ie] ' Y8 Ceptor in MC3T3-E1 osteoblasts
(133).

ﬂ‘UEﬂ’JVIEMﬁWEJ’]ﬂi
a‘mmmm UA1AINYAY



CHAPTER IlI
MATERIALS AND METHODS

1. Cell culture

HDPCs were obtained from caries-free lower third molars extracted for orthodontic
reason with the patients’ informed consent. The protocol was approved by the ethical

committee, Faculty of Dentistry, Chulalon n University No. 07/2008. The teeth were

s were harvested. The pulp tissues

'&placed in a 35-mm culture dish
\%&Dulbeoco’s modified Eagle’s
/ine serum (FBS), 2 mM L-glutamine, 100

g ml" amphotericin B and

immediately split using a ham
were gently removed by

(Nunc, Naperville, IL, U

medium supplemente
IU ml”" penicilin G,

incubated at 37°C in 5 ents were from Gibco (BRL,
Carlsbad, CA, USA). h c s reached confluence, they were
subcultured into the new ( Ym.g‘ the third to the fifth passages were
used. All experiments were ;‘a:@" gl ith cells prepared from three different

donors.

2. Application o rostatic press
The method for hydrosgtic pressure application was apﬂed from Kanzaki et al. (134)
and Wongkhante etal ( jiBnef , cells were seeded in six-well plates at a density of

$190S WET AR v oot ovor

confluent cell Iayer in one well of a 6-well plate to generate compressive force at 0.7, 0.9,

1.49/(:@;%31@#%@53{14 HN1INEIQE

2x10° cells/wel

Figure 3.1 Model of Hydrostatic pressure.
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For inhibition experiments, each inhibitor was added to the medium 30 minutes
prior to application of hydrostatic pressure. The inhibitors used included 100 uM
suramin, 0.18 pM NF449, 1 unit/mL apyrase, 5-10 yM MRS2179, 1-3 yM MRS2578 (Al
from Sigma-Aldrich Chemical, St. Louis, MO, USA), and 10-15 uM BAPTA-AM (Enzo Life
Sciences International Inc, Plymouth Meeting, PA, USA). Exogenous UDP, UTP, or ATP
(50-200 uM) (All from Sigma-Aldrich) was added to the culture for 16 hours.

3. Fluorescence microsco \\X‘,’///

Rhodamine phalloidin WasMabeJoytoWF -actin. Cells were fixed with 4%

formalin for 10 minutes hate buffer saline (PBS). PBS

containing 0.1% Triton= membrane for 1 minute. Then
cells were washed twice | incul ‘ |fh’-Rh amine-phalloidin (Invitrogen,
Carlsbad, CA, USA) di
washed three times in P

(Invitrogen) and visualize ith f ;r ce i cope (Axiovert 40CFL, Carl Zeiss,

Gottingen, Germany). The S z ' using Axiocam MRc5 and the

4. Cell viability =

Cell  viability — was Dﬁ

diphenyltetrazolium bromiide], assay is baséd on the ability of a mitochondrial

donycrogenasPirbrthog JbELU @ b hnd Bl rings of e pel

yellow MTT and form a dark blue formazan crystalsawhich is largely impermaeable to cell

eI RS U USR8 ARSbitcation o o

cells by tﬂe addition of the detergent solution containing 1:9 of DMSO and glycine buffer

MTT ﬁ(4,5—dimethylthiazoI—Z—yI)-2,5-

(0.1 M glycine/ 0.1 M sodium chloride pH10) results in the liberation of the crystals which
are solubilized. The number of surviving cells is directly proportional to the level of the
formazan product created. The color can then be quantified using a simple colorimetric

assay. The results can be measured spectromically used the absorbance at 570 nM
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(Genesys UV scanning, Thermospectronic, Roche, NY, USA). All measurements were

done in triplicate.

5. Transfection of siRNA

For siRNA transfection, the cells at 70-80% confluence were transfected with P2Y6R
siRNA duplexes (Santa Cruz Biotechnology, Santa Cruz, CA, USA) at various
concentrations by using Lipofectamine™ RNAIMAX (Invitrogen) according to the
manufacturer's instructions. Sil 7 \W rol siRNA (Invitrogen) was used as a
negative control and was im}eﬁ in;a the—eeﬂﬂ%ipg the same protocol. The cells

were kept as static cont 16 hours after transfection.

6. Reverse Tran RT-PCR)

Total cellular RNA ‘olecular Research Center,

Cincinnati, OH, USA) a ' protocol. One microgram of each

from GenBank. The Q‘}lonucleotlde sequen

{ ces _ eﬁ '

GAPDH (NM002046.3),H)r\Nard 5-Ti GAG Tﬁ\ ACG GAT-3'

reverse 5-TCA CAC CCAT@A CGA ACA TGG3’

IL-6 NMOOOGOﬂ uvﬂda&{][ Mcﬁr%ﬂ%ﬁm

reverse 5-CTG /&%C AGA AGA AGG AAT GCC-3

S AR A MR ke WetadhE 8 o

reverse 5 -CGG ACC CCG GTA CCT-3
P2Y2 (NM002564.2), forward 5-CTA AAG CCA GCC TAC GGG AC-3’
reverse 5-TCC TAT CCT CTG CAT GTC-3’

P2Y4 (NM_002565.3), forward 5-AGT GAG GTG GAG CTG GAC TGT TGG-3’

reverse 5-CCT AGG AGT AGA GCA GCT ACT GTC-3’
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P2Y6 (NM_004154.3), forward 5' -CGT AAC CGC ACT GTC TGC TA-3'

reverse 5' -TGA GCT TCT GGG TCC TGT GA- 3'

P2Y11 (NM_002566.4), forward 5- GGG TTG TGG CAC AAT GAG GA-3’
reverse 5-CAG GTT GCA GGT GAA GAG GA-3

P2Y12 (NM 176876.10), forward 5-AGA AGA CCA CCA GGC CAT TT -3’
reverse 5-CAC CTT TTT CCT GGG GAC TT-3’

P2Y13 (NM_176894.2), forward 5 AGCAATIGEC TTC CTG GAC CA -3’

reverse 5-GTA GCT AGG AGG TAA GGC CAGA-3’
P2Y14 (NM_001081455.1), forward 5-GCA GTETTTCCC ACT GGT CA-3'
reverse 5-AGC AAG GAG GAGC EAT GAG CA-3'

:

The PCR was performed with Taq"‘ponFnérase (Qiagen, Hilden, Germany) and a PCR
reaction volume of 25 pL.#The am_pliﬁcatiign ‘prafile for IL-6, P2Y1, P2Y2, P2Y4, P2Y6,
P2Y11, P2Y12, P2Y13, P2Y 14 was 1. cycle '%_afi{Qflﬂf’C for 1 minute, 35 cycles at 94°C for 1
minute, hybridization at 60°C for 1 minute, aiag_extension at 72°C for 2 minutes, followed
by 1 extension cycle at 72°C for"-':‘lx{)‘minutes.i_i;’léf:’same profile was also used for GAPDH
with 22 cycles. The PCR was pefformed. in -‘a"’“:B!h.iA—thermallcycler (Biometra, Gottingen,
Germany). The amp'ilifE%d_DNA_VMaSéub}eetethg_elegtﬁgpﬂoresis on a 2% agarose gel
and visualized by etﬁi‘aium bromide fluorostaining. The re"i"axliive intensities of the bands

were measured by Soioﬁ:image analysis software (Scion, Iffedevick, Maryland, USA).

7. Enzyme-Lkinked Immunoabsorbent Assay (ELISA)
Cells were rcultured-andytreated- as, indicatedsinsDMEM switheutsphenal ned (Gibco-BRL,

Carlsbad;, CA, USA). The 'culture ‘media” were collected” and “assayed to quantify
concentrations of IL-6 by ELISA kit (R&D Systems, Minneapolis, MN, USA) according to
the manufacture instruction. This assay employs the quantitative sandwich enzyme
immunoassay technique. A monoclonal antibody specific for human IL-6 has been pre-
coated onto a microplate. Briefly, the media were first centrifuged at low speed to
remove intact cells and were centrifuged again at a high speed to remove cellular

debris. Add 100 pl of Assay Diluent into the microplate followed by adding 100 ul of



33
sample media and cover with the adhesive strip provided. Each sample was run in
duplicate. Samples were incubated for 2 hours at room temperature, then aspirated and
washed with wash buffer (400 pl) for four times. Add 200 pl of IL-6 conjugate to each well
and incubate for 2 hours at room temperature. Then, repeat the washing process as
described before. Add the substrated solution to each well and incubate at room
temperature on the benchtop and protect from light. After incubation for 20 minutes, add
the stop solution to each well. The caolor in the, wells would change from blue to yellow.
Determine the optical density of each well by using microplate reader set to 450 nm.

3
8. Protein extraction and \Wesiern Blot analysis
Protein was extracted ‘with a radioimmunLoprecipitation assay (RIPA). RIPA buffer was
added into cells and left'at 4°C for 5 rninutes|, then cells were scraped and transferred to
1.5 ml microcentrifuge’ tubpe sand spinfatJ_ 14,000g, 4°C, for 5 minutes. Protein
concentrations were measured by rneans &?;j a BCA protein assay kit (Pierce, Rockford,
IL, USA) and measured at the abs"or"ption of 560 nm. Equal amounts of protein samples
were mixed with 3X Laemmli buffer (50 mM Trrs HCI pH 6.8, 100 mM DTT, 10% glycerol)
and denatured by boiling for 10 mrnutes The samples were separated by 12% SDS

! -

polyacrylamide gel and transferred onto mtrocellulose membrane For blocking of non-

specific  binding, the membrane was mcubated in 5%:‘non—fat milk for 1 hour.
Subsequently, the membranes were incubated with primary antibody against P2Y6R
(1:100; Santa Cruz Biotechidlogy, Santa Cruz,CA, USA), or B-actin (1:1000; Chemicon
International, Temeeula,. CA, 'USA).! The “membranes 'weré' then incubated with
biotinylated secondary antibody, followed by peroxidase-labeled streptavidin. The signal
was captured by ¢hemoluminescence(Rierce Biotechnology). The relative intensity of

bands was measured by Scion image analysis software (Scion, Frederick, MD, USA).

9. Luciferin-Luciferase bioluminescence assay

The extracellular ATP concentration was determined by means of an ENLITEN® ATP
assay system bioluminescence detection kit for ATP measurement (Promega, Madison,

WI, USA). The assay uses recombinant luciferase to catalyze the following reaction:
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ATP + D-Luciferin + O, — Oxyluciferin + AMP + PPi + CO,, + Light (560nm)
When ATP is the limiting component in the luciferase reaction, the intensity of the emitted
light is proportional to ATP concentration. Measurement of the light intensity using a
luminometer permits direct quantitation of ATP.
Cells were cultured and exposed to 0.7, 1.4, 2.5 g/Cm2 of HP or incubated at

atmospheric pressure for 30 minutes in DMEM without phenol red. The culture media

were collected and assayed to que ncentrations of ATP according to the

manufacture instruction. Brie

100 pL of sample media into.the microplate. @ng light signal was immediately

measured by a lumino

® Luciferase/Luciferin reagent and

Salem, MA, USA).

10. Statistical anal
All data were analyze e (ANOVA) with the use of
statistical software (SPSS ( e’'s test was used for post hoc

analysis (p < 0.05).

ﬂ‘UEVJVIEJ‘VIﬁWEﬂﬂ‘i
ammmm UA1AINYAY



CHAPTER IV
RESULTS

Hydrostatic pressure induced IL-6 production in HDPCs

The effect of HP on IL-6 expression was determined by exposed HDPCs to HP

collected. The levels of transcript SN | ere detected by RT-PCR and ELISA,
| 4.1A and ELISA in Figure 4.1B
showed that HP dose , expression and protein level in
HDPCs.
In the time-cou Deri ease in IL-6 mMRNA expression
could be detected as . \\ plied and maintained for 24
\\

hours (Figure 4.2A). HowgVver. n|f tincre ; protein secretion was observed at

ﬂuEJ’JVIEJVITWEﬂﬂ‘i
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A HP 0 0.7 09 14 g/em?

IL-6

GAPDH

il

HP 0/ /0509 14 g/em?

Relative density (fold)

of IL-6 (fold)
~N e

Relative release
=

04

HP 0 0.7 0.9 “1.4 ' “g/cm?

Figure 4.1 Effect of HP on'IL-6 ‘expression in HDPCs. HDPCs were subjected to HP (0.7,
09, 14 g/cmz) or control condition (0 g/omz) for 16 hours. (A) IL-6 mMRNA expression
was determined by RT-PCR. GAPDH served as internal control. The relative density was
presented by graph as a fold-induction compared to the control. (B) IL-6 protein release
was determined by ELISA. Data represent the mean + S.D. of three independent

experiments. *P < 0.05 compared with the control.
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Figure 42 Effect of HP on IL-6 expression at various time points. HDPCs were
exposed to HP (1.4 g/sz) or control condition for 2, 4, 8 and 24 hours. Increased IL-6
mRNA (A) and protein expression (B) was observed. The relative density was presented
by graph as a fold-induction compared to the control. Data represent the mean £ S.D. of

three independent experiments. *P < 0.05 compared with the control.
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The effect of hydrostatic pressure on cell viability and morphology of HDPCs

After loading different levels of HPs ranging from 0.7, 0.9, 1.4 g/om2 for 24 hours,
the cell viability of pressurized cells were 91.1% + 4.2, 90.1% + 3.8 and 91.6% + 5.4
respectively (Figure 4.3). Though the cell viability in HP treated groups were lower than

100%, there were no statistical differences on comparison of cells in the control

Actin cytoskeleton v. 5 ““stained Witr@e phalloidin to observe cell

morphology. The imag , \\\ =r morphological changes nor
abnormal actin organi \\\\\\ cells even at the 1.4 g/cm2 of
HP. In both control a \

long F-actin filaments

d elongated shape, and thick and
erved. Based on these resullts,

we used HP at 1.4 g/cm” i
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Cell Viability MTT (24 h)
(% control)
100 100 91.1 90.1 91.6

1.4 g/cm?

Figure 4.3 Effect of hydrostati réséUF:ie‘;on cell viability of HDPCs. HDPCs were

— il

exposed to HP (0.7, 0.9, 1 cm’) orl co_&tr@i condition for 24 hours. Cell viability was
. ¥,

. . - -‘J’
determined by using MTT assay Rﬂegqlﬁts a_r‘é';%xgressed as percentage of the control and

—

mean + S.D. from three different explgf'rmen'éﬁf < 0.05 compared with the control.

Figure 4.4 The morphology of HDPCs after HP treatment. Fluorescence micrographs of
cells labeled with rhodamine-phalloidin showed the cells under control (left), showed the

cells under 1.4 g/cm2 HP (right) for 16 hours. Scale bar = 50 um.
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Involvement of P2Y receptor in HP-induced IL-6 expression

To identify the mechanotransduction pathways involved in HDPCs response to HP,
we first examined the effect of suramin, an agent that uncouples G-proteins from
receptors and broad spectrum antagonist at P2Y purinergic receptors. Figure 4.5
showed that pretreatment with suramin caused a significant reduction in the HP-induced

both of IL-6 expression and secretio ost P2Y-receptors couple with Gg-protein

to stimulation of phospholipa crease in inositol phosphates and

mobilization of Ca”" from in ! ‘ ( e its physiological effects, thus an
. ' T———

performed. Figure 4.6 s { yatmen )PCs with BAPTA-AM at 15 uM resulted

in significantly decreas _ 4 ‘ ' :' > lon, which indicate that the

mechanism of HP-induced tracellular calcium signaling
pathway.

Because the quick re : s of HP on IL-6 induction and the
inhibitory effect of suramin, 9}$ at 7HP may transduce signal through
nucleotides release ' D ' n#turn activate P2Y receptor of
HDPCs.

AU INENTNEINS
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Figure 4.5 Suramin.could block' HP-induced IL-6 expression. HDRCs were subjected to
HP (1.4 g/cmz) or control condition for 16 hours in the absence or presence of the
suramin (100 uM). (A) IL-6 mRNA expression was determined by RT-PCR. GAPDH
served as internal control. The relative density was presented by graph as a fold-
induction compared to the control. (B) IL-6 protein release was determined by ELISA.
Data represent the mean + S.D. of three independent experiments. *P < 0.05 compared

with the HP-treated sample.
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Figure 4.6  BAPTA=AM  attenuated pressure-induced' IL-6 | expreéssion. HDPCs were
subjected to HP (1.4 g/cmZ) or control condition for 16 hours in the absence or presence
of the BAPTA-AM (10, 15 pM). (A) IL-6 mRNA expression was determined by RT-PCR.
GAPDH served as internal control. The relative density was presented by graph as a
fold-induction compared to the control. (B) IL-6 protein release was determined by
ELISA. Data represent the mean + S.D. of three independent experiments. *P < 0.05

compared with the HP-treated sample.
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HP-induced conditioned medium could stimulate IL-6 expression in HDPCs

To confirm the role of nucleotides release from HDPCs due to HP, the conditioned
medium was collected after application of HP (HP-induced conditioned medium; HP-CM)
for 2 hours or non-stimulated (Control-CM) and treated another set of cells. The data in
Figure 4.7 revealed that the cells incubated with the HP-CM significantly increased IL-6

expression when compared with those ing

a’ged with Control-CM. Consistent with the
result in Figure 4.5, the inductive effe /A CM was significantly abolished by

As we hypothesizee ugh nucleotide release, we next
determined the level o he conditioned medium was
collected to measure th Srase bioluminescence assay.
Figure 4.8 showed tha ollected from HP-stimulated

cultures was significantly i
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Figure 4.7 HP-induced conditioned medium stimulated IL-6 expression in HDPCs.
HDPCs were incubated with the medium transferred from the HP-stimulated (HP-CM) or

non-stimulated (Control-CM) cultures in the absence or presence of suramin (100 uM) for
16 hours. (A) IL-6 mRNA expression was determined by RT-PCR. The relative density
was presented by graph as a fold-induction compared to the control. (B) IL-6 protein
release was determined by ELISA. Data represent the mean + S.D. of three independent

experiments.*P < 0.05 compared with the HP- CM treated sample.
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The expression profile of P2Y-receptors in HDPCs

The expression of P2Y-receptors in cultured HDPCs from 5 donors was
determined by RT-PCR. RT-PCR analysis showed that HDPCs expressed mRNAs coding
all subtypes of P2Y receptors. HDPCs expressed P2Y-1, 4, 6, 12, 13 mRNAs whereas
P2Y-2, 11, 14 mRNAs were hardly detected as shown in Figure 4.9.

1/

GAPDH P2Y1 P2Y2 P2Y4 P2Y{:{‘5 1 P2Y12  P2Y13 P2Y14
““:‘—-—-""

JJ!_ -»f_.l:i
T * 1‘ s,,: .I =
et e 2=
L~ i ——— ,:r o
4 X

Figure 4.9 RT-PCR analy‘!lsis of P2Y-receptors expression profile. RNA was extracted from
cultured HDPCs,, reverse transcribed and“amplified with specific primers for P2Y-
1,2,4,6,11,12,18,14 réceptors (Lane:.2-9). . GAPDH was used lasta control housekeeping

gene (Lane: 1).
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HDPCs responded to HP using a non-P2Y1 receptor dependent pathway

We further investigated which P2Y receptor subtype(s) is involved in HP-induced
IL-6 expression. As we have shown in Figure 4.8 that ATP was significantly released by
HDPCs after HP stimulation, therefore we first clarify the pathway involved P2Y1 receptor,

which is selective for adenine nucleotides. HDPCs were pretreatment with MRS2179 (a

To confirm the re ubated with NF449 (a P2X1,

P2X3, P2Y1, and P2Y 3 '. e HP stimulation. Figure 4.11
demonstrated that N e HP-induc d IL-6 MRNA expression in

HDPCs, which consisteptwi Sult-from MRS2179. (Figure 4.10).
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Figure 4110 Effect ofi MRS2179 on HP-induced IL-6.expression.  HDPCS were subjected
to HP (1.4 g/cmz) or control condition for 16 hours in the absence or presence of the
MRS2179 (5, 10 uM). (A) IL-6 mRNA expression was determined by RT-PCR. GAPDH
served as internal control. The relative density was presented by graph as a fold-
induction compared to the control. (B) IL-6 protein release was determined by ELISA.
Data represent the mean + S.D. of three independent experiments. *P < 0.05 compared

with the control.
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Figure 4.11 Effect of NF449on HP-induced IL-6,expression. HDPCs were subjected to
HP (1.4 g/cmz) or control condition for 16-hours ir} the absence or presence of the NF449
(1.8, 2.7 uM). IL-6 mRNA expression was determined by RT-PCR. GAPDH served as
internal control. The-relative density was presented by~graph as a fold-induction
compared to the control. Data represent the mean # S.D. of three independent

experiments. *P.< 0,05 compared.with, the.control.
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Inhibition of P2Y6 receptor abolished HP-induced IL-6 expression

We next determined the other possible P2Y receptors which participate in the
pathway of HP-induced IL-6 expression by HDPCs. P2Y6 receptor is one of the target
because its specific agonist is uracil, not adenine nucleotides. Strikingly, pretreatment
the cells with MRS2578 (a selective P2Y6 receptor antagonist) before HP stimulation,
ssion and secretion in a concentration-

%

To confirm the invol ~ P2Y6 wDPCS were transfected with a

small-interfering RNA (36{ or the ' or gene and then exposed to
‘3\\\ ilC
NSNS

significantly diminished HP-induce

dependent manner (Figure 4.1

HP for 16 hours. The As (40-80 nM) successfully

V@ ‘. l\n\\\ e P2Y6 receptor protein level
\\\\ I Figure 4.12, P2Y6R-specific

siRNAs at 80 nM signific ' >d fiP-induce \ 5 expression in HDPCs both at

abolished the P2Y6 m
by about 50% (Figure

MRNA and protein level “cells transfected with control SIRNA (Figure

\

4.14).

]

y
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Figure 4.12 _Inhibitory effect of MRS2578 on HP-induced IL-6 expression. HDPCs were
subjected to HP (1.4 g/cmz) or ‘eontrél condition for 46 hours.in the.absence or presence
of the MRS2578 (1-3 uM). (A) IL-6 mRNA expression was determined by RT-PCR.
GAPDH served as internal control. The relative density was presented by graph as a fold
induction compared to the control. (B) IL-6 protein release was determined by ELISA.
Data represent the mean + S.D. of three independent experiments. *P < 0.05 compared

with the HP-treated sample.
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Figure 4.13 P2Y6R-siRNAs deGreased the P2Y6 receptor mRNA and protein level.

HDPCs were transfected with--a-siRNA otiéﬂnﬁdeotide sequence specific for P2Y6R

(Lane: 3, 4, 5) or a sIRNAconirol{t ane 2} for 16 hours (A P2Y6R MRNA expression was

determined by RT-PCR-GAPDH served as internal controt: (ES) P2Y6R protein expression

was determined by Western Blotting. B-actin used for protein normalization. The relative

density was presentedby/graph as' a ffold=inductioh compared to the control.

Data

represent the mean + S.D. of three independent experiments. *P < 0.05 compared with

the Si Gontrolssample.
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Figure 4.14 P2YG6-siRNAs attenuated HP-induced {IL-6 ‘expression! in.HDPCs. HDPCs
were transfected with control siRNA or P2Y6R siRNA, following treatment with HP (1.4
g/cmz) for 16 hours. (A) IL-6 mMRNA expression was determined by RT-PCR. GAPDH
served as internal control. The relative density was presented by graph as a fold-
induction compared to the control. (B) IL-6 protein expression was determined by ELISA.

Data represent the mean + S.D. of three independent experiments. *P < 0.05 compared

with the HP-treated sample.
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The effect of nucleotides on IL-6 expression in HDPCs

As the P2Y6 receptor is mainly activated by UDP, which is approximately 100-fold
more potent than UTP, and ADP and ATP are almost inactive, we also examined the
effects of nucleotides UDP, UTP and ATP on IL-6 expression by HDPCs. Figure 4.15 and
4.16 showed UDP but not ATP and UTP, could increase IL-6 both at mRNA and protein

level in a concentration-dependen . Collectively, these findings imply that UDP

released from HP stimulated cell the ﬁ tivate the P2Y6 receptor on the cell
surface of HDPCs and sub:x a.;i;.,.i—,’.': nduee o@ssion.

1l
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Figure 4.15 Effect of nucleotides on-IL-6 expression: in HDPCs. Exogenous UDP (A) or
UTP (B) or ATP (C) 50, 100, 150 uM,was added to HDPCs cultures for 16 hours. IL-6
MRNA “‘synthesis wasg determined by RT-PCR." GAPDH' served |asyinternal control. The
relative density was presented by graph as a fold-induction compared to the control.

Data represent the mean + S.D. of three independent experiments. *P < 0.05 compared

with the control.
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HP-induced IL-6 expression was not depended on COX-pathway in HDPCs.

Finally, we examined the other pathway which may mediate HP-induced IL-6
expression. Several in vitro studies have demonstrated increased cyclooxygenase-2
(COX-2) expression and PGE, level in numerous cell culture models, which have been
subjected to hydrostatic pressure (49). Therefore, we use NS398, a selective inhibitor of

COX-2, to determine whether COX-2 | d in HP-induced IL-6 expression in HDPC.

HDPCs were incubated: W -' NS398 4 uM) for 30 minutes before HP

stimulation. Cells extracted Were oc p and RT-PCR was performed.

Figure 4.17 showed tha o not exert an) ditory effect on HP-induced IL-6

§ |

expression.

R
{
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Figure 4.17 Effect of NS398 on HP-induced IL-6 expression in HDPCs. HDPCs were
subjected to HP (1.4 g/cmz) or control condition foer 16 hours in the absence or presence
of the NS398 (1, 5, 10 pM). IL-6.mMRNA expression was determined by RT-PCR. GAPDH
served as internal control. The relative density was presented by graph as a fold-
induction compared to'the control. Data represent the mean+ S.D. of three independent

experiments. *P < 0.05-eompared with the control.
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Beta 1 integrin was not involved in HP-induced IL-6 expression in HDPCs.

Another possible pathway we investigated is integrins, which have been identified
as mechanosensory molecules in osteoblasts and osteocytes (736), myocytes (137),
fibroblasts (138), endothelial cells (139) and chondrocytes (740). Since beta 1 integrin is
the major group which expressed in HDPCs (747), we were treated HDPCs with

9
.
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Figure 4.18 Effect of B1 integrin on HP-induced IL-6 expression in HDPCs. HDPCs were
subjected to HP (1.4 g/cmz) or control condition for 16 hours in the absence or presence
of the B1 integring( 1. ng/ml). IL-6, mRNA expression was .determined by RT-PCR. GAPDH
served as internal ‘control. fhe relative density 'was presented by graph as a fold-
induction compared._to the control. Data represent the mean + S.D. of three independent

experiments. *P < 0.05 comparediwith the control.



CHAPTER V
DISCUSSION AND CONCLUSION

To date, our results are the first to demonstrate that HDPCs produce IL-6 in
response to hydrostatic pressure via the P2Y6 receptor. We simulated increased intra-
pulpal pressure condition by using a mechanical stress model to examine the effect of
HP on the inflammatory cytokine production.and clarify the underlying mechanism.
Although it has been reported that HP could/promote. hard tissue mineralization in human
dental pulp stem cells. (DPSCs) (34), we.  provided the other role of HP on
immunomodulation by regulating lie=6 expression. In addition, this model is a potentially
useful tool to study the role oi HP chai’gge as oceurs during mild or chronic pulpal
inflammation. . 3 4

Differing loading#amplitudes Qf HP E.;Téque responses of the cell in different ways
and the difference may be cell type speoiflé For example, dynamic hydrostatic pressure
at 2.5 MPa, 0.5 Hz decreased DPSCS vuab|l|ty within 12 hours post-stimulation, but
viability moderately improved _yy1th1n 24 thr§__, of ‘re-introduction to regular culture

conditions (34). Moreover, dynamic -hydrostat‘iiz__-p]r_ea_ssure showed marked morphological

changes and decreased DPSCs attachment when the loadihg was greater than 1.5 MPa,

0.5 Hz and exposuré“time longer than 2 hours (34). The €xposure to 6 MPa of static
hydrostatic pressure 60 minutes caused no morphelogical changes of human
periodontal ligament cells, and.did.not, affect the cellular viability (77). Normal human
dermal fibroblasts, remained alive for-60 minutes’at upto 40°'MPa“(55). Additionally, some
evidences revealed_that HP stimulates cell proliferation in various cell types. Static
pressureistimulated: rat "aortic smooth muscle cells-proliferation in ‘pressure- and time-
dependent manners, by the maximal increase was observed at 120 mmHg after 48 hours
treatment (742). Exposure of bladder smooth muscle cells to sustained HP (7.5 cmH,0O)
for 48 hours led to a significant increase in cell proliferation when compared with the
control (143).

Up to date, there is no data on absolute magnitude of physiologic and pathologic

HP level within human dental pulp cavity in vivo. By experimental studies in animals, the
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interstitial fluid pressure was suggested about 6-10 mmHg in the normal dental pulp
and 16 mmHg in inflamed pulp (40, 144, 145). The magnitude of HP which we applied in
this study seems low compared to the previous studies. In our model, the pressure is
directly transmit to the dental pulp fibroblasts, unlike in vivo conditions, which dental
pulp fibroblasts is surrounded by a number of tissue elements including connective
tissue fibers, ground substance, interstitial fluid and vascular tissue. Although, this is the
limitation for 2D monolayer cultures to mimic the physiological situation in vivo, the
majority of cell culture studies have been performed in 2D model because of the ease
and convenience. These conventional 2D culture systems have notably improved the
understanding of basic cell _biology before further investigate using the 3D culture
conditions. ‘1

A number of stldiesfhavesdemonstrated that HP influenced the expression of
many pro-inflammatory#€ytokings moludlng IL 1B, TNF-a and IL-6 by various cell types
(13, 16, 55). These cytokinesiare widely aoéepted to be important in the pathogenesis of
pulpitis. High levels of IL-18 and TNF =a have peen detected in the inflamed dental pulps
and periapical lesions (146- 747) TNF a and iL 1, acton vascular endothelial cells at the

site of infection to induce t_he_ expresswn___-o,f adhesion molecules that promote

extravasation of phagooytes during inflammation (748) We also found that HP induced

IL-18 and TNF-a mRNA expression by HDPCs. However, the level of IL-18 and TNF-a
protein release was hardly detected in culture supernatants using a highly sensitive
ELISA kit (data net,shown). This finding,is in.agreement.with Coil et al. (2004) reported
that HDPCs are_not"capablé’ of releasing highamounts ‘of IL-93 and TNF-a in vitro in
response to Escherichia coli LPS, whereas, LPS significantly stimulated IL-6 release, and
this production wasaugmented whenimethyl mercaptan ‘\was present.(749). A similar
increase in TNF-a gene expression without TNF-a secretion was observed in human
dental pulp fibroblasts stimulated with lipoteichoic acid (750). The inability to secrete IL-
18 and TNF-a in vitro can be supported by the fact that fibroblasts lack the convertase
needed for the IL-1B precursor polypeptide to be cleared and secreted extracellularly
(157). Conversely, another finding has observed IL-1B release in human pulp cells

stimulated with Porphyromonas endodontalis LPS (152).
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IL-6 is a prototypical pleiotropic cytokine produced by a variety of immune and
non-immune cells, which regulates immune response, induces inflammation, and
supports hematopoiesis and malignancy. In inflammatory organs, IL-6 induces local
infiltration of immunocompetent cells through adhesion molecule and matrix
metalloprotease up-regulation, and angiogenesis by augmenting vascular endothelial
growth factor production and by stimulating endothelial progenitor cell proliferation and
migration (7153-155). It also increases vascular permeability and leads to inflammatory
edema. IL-6 might also orient T cell response.as«it is. essential for the induction of Th-17
cell differentiation when_associated with the TGE-B1 (78-719). Th-17 cells, initially
characterized by IL-17 producitiony have a crucial role in the clearance of extracellular
pathogens during host defence reac’[ions‘ii in the induction of tissue inflammation and in
osteoclastogenesis (69, 156, 157)/Their presence, as well as the production of IL-17, has
been reported in periapical lesions (_.67268)3:‘ F
Regarding the relationship: betweer;_':-HP: and IL-6, our data corresponds with
previous studies reporting HP inducéd IL=6 :tfaf;‘pre!‘ssion in periodontal ligament cells (17),
: it

skin fibroblasts (55), microglial (-6'“1), Chondroc—yltéilike cell line (16) and osteoblasts (158),

thus it is convincing-that IL—6:i_s"fnéchano—s.%-ﬁ_érti_\;e cytokipe. The induction of IL-6 by

mechanical stimulatibrﬁ is implicated in osteoporosis, strés’%}induced pathological bone
resorption, and chronic i-_nflammatory diseases such as rhgumatoid arthritis (20, 159). IL-
6 acts in the biomechanical control of bone remodeling in osteoarthritis by regulating the
OPG/RANKL ratio (158):"Moreover, [I2-6 elevated MMP-1, 3,114, 11 expression, increased
the plasminogen®activator activity and enhanced dental pulp fibroblasts cells mediated
collageny'| ‘degradation, (97-98): In the inflamed pulp, IL-6 might' be |involved in the
formation™ of edema induced by the progressive penetration of Gram-positive oral
bacteria into dentin. Therefore, it is supporting that the up-regulated expression of IL-6 in
response to increased HP could involve in activation and modulation of the immune
response and may contribute to pulp tissue destruction or bone resorption in case of
pulpo-periapical inflammation.

We showed in the present study that HP increased IL-6 protein about three-fold

over control, which had been markedly suppressed by pre-treatment with suramin.
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Moreover, the experiments using conditioned medium from the culture after applied
HP, showed similar results. Suramin is an agent that uncouples G-proteins from
receptors presumably by blocking their interaction with intracellular receptor domains,
when given at high micromole concentration, it affects all nucleotide-sensitive P2Y-
receptors with the exception of the P2Y4 receptor (10). These findings suggest that there
are some nucleotide(s) released from HP treated cells and then in turn activate the P2Y-
receptor on the cell surface of HDPCs and subsequently produce of IL-6.

To date, little is known about the role of P2.réceptors in dental pulp cells. There are
only few studies investigating.the existence and the role of P2X receptors in dental pulp
tissue. For example, Alavi el_alshow P2X3 receptors are present on both myelinated
and unmyelinated nerve Tibers in*human c‘{ental pulp tissue and may play a role in dental
pain mechanisms (760). Recent studly demenstrate P2X3 and P2X2/3 receptors may be
involved in the activation of footh pulpal ne‘f\/erfibers following tooth pulp injury, resulting
in central sensitization of trigeminél spinaﬁ@ﬁbnucleus caudalis (Vc), trigeminal spinal
subnucleus interpolaris (\4), upp-.er:- Cervici_'éi:_s:;pinal cord (C1/C2) and paratrigeminal
nucleus (Pa5) neurons through t@e‘i.n.tracellﬁf_ég MAP kinase cascade, which underscore
the importance of purinergic r@_c_e_ptor mech%»rﬂh_s} in tooth pulp nociceptive processes

(167). Our result of RE-PCR analysis revealed that HDPCs express mMRNAs coding all

P2Y receptors as well-ﬁa_s P2X1, P2X3, P2X7 (data not shoWh). However, the expression
of P2Y-1, 12, 13 mRNA=were abundant compared to P2Y=2, 4, 6, 14. One explanation for
the discrepancy..ef P2Y_ subtypes.expression.is.the different.level of its specific agonist,
which the first ‘group-response’mainly for purine’ nucleotides (ATP/ADP), the latter for
pyrimidine nucleotides (UTP/UDP). There are evidénces supported‘that the physiologic
extracellular UTP:I ATP level ratio were abeut 1:3-5 (177} 162).

A large number of studies have been performed to investigate the biological
effects of P2Y receptors particularly P2Y1 receptor. P2Y1 receptor is selectively
activated by adenine-based nucleotides (ATP and ADP) and important for platelet shape
change, aggregation, thromboxane A2 generation, procoagulant activity, adhesion to
immobilized fibrinogen and thrombus formation under shear conditions (763-164). The

distribution of P2Y1 receptors on vascular endothelium and smooth muscle cells implies
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a role in the regulation of vascular tone. In most blood vessels, P2Y1 receptors are
present on the endothelium and mediate vasodilatation by Ca2+—dependent activation of
endothelial NOS and generation of endothelium-derived relaxing factor (EDRF) and by
generation of endothelium-derived hyperpolarizing factor (EDHF) (7165). The fact that ATP
and ADP are released locally from endothelial cells during shear stress and hypoxia and
from platelets during aggregation, identifies a possible role for endothelial P2Y1
receptors in modulation of vascular tone under.normal conditions and during thrombosis
(166-167). Additionally, P2Y1 receptor is alsosassociated with the mechanotransduction
in many types of cells. For. example, streteh induced AIP release and elicited Ca’"-wave
propagation through P2Y1 activation by, subepithelial fibroblasts form the gastrointestinal
tract (768). Another study .ffom" our Iab‘Pratory demonstrated that mechanical stress
induces release of ATP, whichin turn activates through the P2Y1 receptor, resulting in
the up-regulation of ostecpontin‘by humanTFjefiodontal ligament cells and suggested that
stress-induced ATP could play a significantfr.plé in alveolar bone resorption (135).
Our finding showed' that H-'P :-increai_sfé;d ‘;the amount of ATP in the conditioned
medium, therefore we first hypptﬁééized t;a:tATP could mediated HP-induced IL-6
expression via P2Y1 activation. _T_Q elp dis_cjﬁ_r_fﬂqgting among P2Y-receptors subtypes

affects, we used specific antagonists to P2Y receptors and éiRNA method and found that

pre-treatment with MR(82179, NF449 could not abolish HP-induced IL-6 expression in
HDPCs. In contrast, MR82578 and P2Y6R siRNA significaatly diminished HP induced IL-
6 expression. Thesge results.suggest, that the-P2Y6 receptor.predominantly regulates the
HP-induced IL-6 expression in HDPCs.

In this study, we demonstrated‘that HDPCs eXpress both P2Y6-mRNA and protein.
Despite no directlevidence demonstrating the role of P2Y6 receptariniHDPCs, plausible
roles for the P2Y6 receptor in immunoinflammation have been described in microglial
phagocytosis and inflammatory bowel diseases (721, 125, 169). Inflammation up-
regulates P2Y6 receptor expression in the mucosa of the colon of colitic mice (122).
P2Y6 receptor also mediates a novel release of proinflammatory cytokines and
chemokines in monocytic cells stimulated with UDP (707). It has been shown that

extracellular nucleotides, via P2Y2 and P2Y6 receptors, regulate neutrophil migration by
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controlling Toll-like receptor (TLR) 2-induced IL-8 release from human monocytes
(170). UDP and UTP induce vasoconstriction through P2Y6 receptor stimulation on
vascular smooth muscle cells, but also dilatation on endothelial cells, thereby regulating
vascular tone and blood pressure. Also, it was reported that extracellular nucleotides
stimulated contractions of human cerebral arteries primarily by activation of the P2Y6
receptor (171). Taken together, we hypothesized the role of P2Y6 receptor in dental pulp
is involved in inflammation, immune responses and regulation of intrapulpal pressure.
However, the immune effect of UDP/P2Y6 signaling on the production of proinflammatory
cytokines may selective and dependent an cell types.

Mechanical stress appearedto be the major stimulus for nucleotide release. It has
been reported that mechanieal stretch inc‘ireased extracellular UDP concentration three-
fold over control and activate R2Y6 receptor in rat cardiomyocytes, which has a role in
cardiac fibrosis resulting fram pressure ijérlJQad (63). Many line of evidences showed
the release of UTP and UDP from refsiiﬁg or mechanically stimulated cells in
concentrations capable of stimulaﬁné their fézé_p‘éctive receptors (63, 116, 172, 173). For
example, mechanical stimulationr_pf‘{é% N1 ;u;nan astrocytoma cells resulted in a 10- to
20-fold increase in extracellulgr__UTP conce?tfitiqns (116). In addition, stressed and

dying cells, activated.léukocytes, and the acidic and hypoxib_microenvironment provided

by inflammation favor-;h_e release of nucleotides such as UTP and UDP (122, 174, 175,
176). Although the extracellular levels of UDP in HDPCs after pressure applied have not
been measured.in this study.-due to the complexity,of measurement method and lack of a
sensitive assay'for the quantification-ef UDP mass'(747), but recent studies suggest that
measurements of nucleotide levels in bulk medium®samples may be’ underestimate the
local accumulation '6finucleotidées inithewvicinity of P2 cellisurface réGepiors compared to
that of anchor to the outer cell surface (117, 122, 162). Unfortunately, there is no such
system to quantify the level of UTP or UDP at the cell surface level.

Several mechanisms are proposed to be involved in the release of nucleotides,
given the diversity of conditions and cell types in which extracellular nucleotides have
been detected (177). ATP binding cassette transporters (9), multidrug resistance protein

transporters  (178), connexin/pannexin hemichannels (779-181), cystic fibrosis
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transmembrane conductance regulator (182), and stretch-activated channels (783) all
have been postulated as pathways, regulators, or sensors of nucleotide release, whereas
other studies have suggested that nucleotides are released during cargo-vesicle
trafficking (784) and/or via exocytotic granule secretion (785). Of all these mechansims,
connexin/pannexin hemichannels is the good candidate because of its property of gap
junction proteins that connecting the intracellular and extracellular space, allowing the
passage of ions and small molecules between these compartments such as ATP,
arachidonic acid derivatives and sulforhodamine®B (786). There are studies supported
that mechanical stimuli initiate ATP-and WDP release through pannexin-1 hemichannels
from cardiac myocytes (53) anareiina (71).

The investigations oprthe expressiéfn and localization of connexin 43 (CX43) in rat
incisor odontoblasts and pulp célls have demonstrated that CX43 is highly expressed in
young odontoblasts (187-190). Furthermore CX43 has been shown to be a marker of
viability in dental pulp tisstie (191). Chung et al. (2007) showed that CX43 involved in cell
growth, mineralization, and drfferentlatron to pdontoblasts in rat pulp cells (192). CX43
appeared to be upregulatediin odontoblastsjf;cmg carious lesions therefore CX43 may
participate in the processes of. q«_anrrn formajtl_Q_rL_a_nd pathology (793). Additionally, the

presence of other conhexins, such as CX32 and CX26, ha"s‘ been reported (189, 194).

The expression of CX3(2 was found in the entire region of the“dental pulp, however, there
was strong expression-enly beneath the cell-rich zone. Therefore, it may be hypothesized
that CX32 associated, with odontoblast differentiation from the cells in the cell-rich zone
(194). The CX26_has-been known te<express on the<perineurium (795), and the region
expressing CX26 in pulp tissue section coincided=with that of CD56, which has been
known tol express inl mature Kuman: normal [peripheral inerves! (796)..Therefore, Cx26
expression in the subodontoblastic regions of tissue sections was thought to appear on
the perineurium of the nerve plexus of Raschkow (794). However, the functional
significance of connexins in dental pulp cells remains to be elucidated. Although there is
no study investigating the presence of pannexins in human dental pulp cells, the
expression of pannexin in taste bud cells suggests that action potentials in taste cells

responsive to sweet, bitter, or umami tastants enhance ATP release through pannexin 1.
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Because the downstream signaling pathway activated by P2Y6 receptor is

involved in calcium mobilization by releasing of Ca”" from intracellular stores (10),
therefore we investigated the role of calcium in HP-induced IL-6 by using BAPTA-AM,
which is the membrane permeable form of the Ca2+—chelating agent and useful for
establishing an intracellular zero free calcium level. Loading cells with BAPTA-AM is an
analytical tool which has been used to suppress a rise in cytoplasmic calcium activity
under various stimuli. Our results of €a° " involvement as show by pretreatment HDPCs
with BAPTA-AM significantly decrease of HP<ianduced IL-6 expression, was supported by
a study in microglial cells. which HP-induced IL-0.was. mediated through G, activation
followed by IP,-induced CE _iel€ase from. the endoplasmic reticulum (67). In addition,
Korcok et al. show that P2Y6 receptoré’I on osteoclasts induce transient increase of
[Ca2+]/ and translocation of NF-B thr_ougH".‘aa;proteasome—dependent mechanism (1317). It
was showed BAPTA-AM reduced _pW—in?’uq?d ERK' phesphorylation and IL-6 mRNA
expression in HaCaT keratinocyteél cells .:,({797). The ability of BAPTA-AM to partially

FEAd

suppress HP-induced IL-6 suggé-stéialterqaf}'ve‘ pathways other than intracellular ca”’
YW "Jd'.g_
concentration are involved in"HE-signal transduction. The mechanisms responsible for

HP or mechanical stimuli induced (iL-6 exp?@_ssi_qn were intensively investigated. For

example, in skin fibrqb[_asts, IL-6 production induced by HPi""\‘/\(«as dependent on PKC (55).

Cyclic tensile stress ﬁ‘ﬂ‘auces [L-6 expression in smooth m_'us"ble cells via Ras/Rac1-p38
MAPK-NF-XB signaling* pathways (798). Shear stress® induced IL-6 synthesis in
chondrocytes via cAMER/PKA" and PI3-K/Akt=dependent. NE-XB. activation (799). Fluid
shear stress regulates' NF-xB-activity=through'the P2¥6 and'P2X¥ receptor in osteoblasts
(133). Further studies are required "to_elucidate 4he precise_mechanism of HP/P2Y6
mediate IL-6 expression'signalingipathway in HDPCS.

A number of studies have revealed the role of PGE, plays in early response to
mechanical stimuli, but in HP stimulation still not much been investigated. Prostaglandins
are eicosanoids synthesized by cyclooxygenase (COX). Constitutive COX-1 and
inducible COX-2 metabolize arachidonic acid to PGG, and PGH,. PGH, is subsequently
metabolized to PGE,, PGl,, PGD,, PGF,q or thromboxane A2 (200). A recent study

present that PGE, production in the renal medullary interstitial cells was increased when
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cells were subjected to 60 mmHg pressure for 6 hours and was prevented by a selective
COX-2 inhibitor. Moreover, COX-2 mRNA and protein were induced following 60 mmHg
pressure for 4 and 6 hours, respectively, whereas COX-1 mRNA and protein levels were
unchanged (207). We found slightly increased level of PGE, release and COX-2 mRNA
expression following HP stimulation (data not shown). However, pretreatment the cells
with COX-2 inhibitor (NS398) could inhibit HP-induced PGE, release but not IL-6
production, suggest that HP-induced IL-6 expression is not required COX-pathway.

Beside prostaglandin, another possible pathway we investigated is integrins,
which are a family of heterodimeric transmembrane. glycoproteins that bind many
components of extracellular matrix.[ntegrin consists of an a and a B subunit. At least 18
different a subunits and 8 different suf?units have been identified with more than 24
different members of integrins. ;They _,med:rgte cell attachment to extracellular matrix and
cell-cell adhesive interactions; Ce_.zﬂll—éxtra?elllﬁular matrix - interaction through integrins
regulates cell growth, adhesion, diffe”rentiléi_ion, and cell morphology. Apart from cell-

FEAd

extracellular matrix signaling, ihte;g}ins bé*ve‘ peen identified as mechanosensory
YW "Jd'.g_

molecules in various cell types. E:Qr;example,-p__rie_eﬁ,sure stimulates fibroblast phagocytosis

via increasing B1-integrin threonine7é9 (T78§___ph9_sphorylation. Interventions that target

B1-integrin T789 th_sb_"horylation may modulate phagooytic{fynction (202). Min Zhang et

al. show crosstalk‘-"""between integrin and G prot_'eiﬁ pathways involved in
mechanotransduction +4a mandibular condylar chondroeytes under pressure (203).
Moreover, mechanical .strdin " stimulates .conformational. activation of integrin av3 in
NIH3T3 cells. Mechanieal stretch' stimulation of JNK' was' dependent on new integrin
binding to extracellular matrix (204). HDPCs expressed a1, a3, a5, a6, av and B1 integrin
subunits,iwhich B1%integrin is theimostiexpressionisubunit..The adhesion of HDPCs to
laminin and fibronectin was not inhibited by monoclonal antibody to any subunit, except
that anti-B1 antibody inhibited pulp cells adhesion on laminin, suggest that integrin $1
plays a major role in regulating HDPCs adhesion to laminin (741, 205). Another study
demonstrates the presence of an avB3 integrin in the cell membrane of human
odontoblasts in vivo by in situ hybridization and immunohistochemistry (206). avp3

integrin gene expression was also detected in vitro in human dental pulp stem cells
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(207). The avB3 integrin could play a role in interodontoblast adhesion and odontoblast
binding to the surrounding predentin/dentin/pulp matrix, possibly through osteoadherin
(206). However, our result show beta 1 integrin could not attenuate HP-induced IL-6
expression in HDPCs.
In conclusion, our present study represent HP stimulates the mRNA expression and

protein release of the cytokine IL-6 by human dental pulp cells. Suramin, a specific

findings may help to eW ild chrenic pulpal inflammation an increased
HP may cause a local i r : N\

Future perspectives

HDPCs.

AU INENTNEINS
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