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17 did not enhar ‘* \J,. but significantly up-regulated
- inducemlbﬁ production from HGFs. When
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combined, IFN-Y 5ynerglsﬂ6)y enhanced IL- 1?vinduced IL-8 production in all HGF lines (p=<0.05).
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Report of the role of IL-17 in periodontitis

Introduction

Periodontitis is an immune mediated disease associated with chronic bacterial infection which
results in progressive destruction of Wnnec["hﬂé )le and bone. The lesion is characterized by
dense lymphoid infiltrates such as T and B cells, asaﬂjﬁ their cell-denved cylokines,

IL-17, a CD4+ T cellderived Cyloking) has emerged-as a crucial regulator of inflammatory
responses. It does not-seem to fate T cell function but acts mostly on other cell types, for
example fibroblasts, ep'ﬂiaﬁ;‘;ndm ial cells and osteoblasts (Fossiez et al., 1996; Kotake et

IL-17 treatment of these cells induces the expression of

- * : e
6.8, émnulacyte colony-stimulating factor, prostaglandin
e

abauc as:al,;ﬁﬂmz Fossiez et al., 1996; Laan et al., 1999; Rifas
N b,
cing CD4+ T o_élje‘s have recently been proposed as a unique Th cell
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subset, called Th17, which seems ta be disljﬁ t from traditional Th1 and Th2 in their cytoking-

axprassion profile and immun

o
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associaled with many inflammawr}faiéases inhumans, such as rheumatoid arthritis, systemic lupus

iy "y
n,ch‘ﬁé—tnung. 20 vaar-faxpressiDn of IL-17 has been found to be
§ e ‘J

) _Z YN 7 N o .
erythematosus, multiple sclerosis, /psuna,sisi\é‘n\d"‘a'llugraft r?eclaon (Albarnesi et al., 2000,

Antonysamy el al., i‘ - - i g}ﬁgge; Homey et al., 2000; Hsieh

-

E(jj.. 1999; Kurasawa et al., 2000; Loong:'e?'al.. 2000; Teunissen et al., 1998

et al., 2001; Kotake
Wong et al., 2000), Veqél recent observations in periodontitis de'mbnstmted the presence of IL-17 in
the inflamed gingival tissue (©da et al., 2003 Takahashi.et al., 2005), solubilized gingival biopsies
(Johnson et al /008, \4nd gingival crevicular fluid taken frorm penodontally affected sites (Vernal et
al., 2005). In addition, gingival T cell cluﬁes derived from periodontitis lesion expressed IL-17 mRMA
(lto et-al; 2005), However cthecrelevant) bislogical funclion of thie Gytokine thataffects cells of
periodontium and may' contribute fo perioddntal pathogenesis, is stiltacking.

Accumulating data indicate that gingival fibroblasts, the most abundant cell in periodontal
connective tissue, play active role not only in tissue homeostasis but also in immunoregulation of the
periodontium. Our laboratory recently demonstrated that human gingival fibroblasts (HGFs) express
a variety of Toll-like receptors (TLRs 2, 3, 4, 5, 6, and 9), key receptors of the innate immune systam,
and were able to recognize and respond to many pathogen associated molecular patterns (PAMPS)

(Mahanonda et al., submit for publication). Upon stimulation with PAMPs as well as with cylakines,

HGFs release a variety of pro-inflammatory mediators for example IFN-Y. PGE,, IL-1, IL-6 and IL-8



(Daghigh et al., 2002, Sakuta et al., 1998, Takashiba et al., 1992; Wang et al., 2003), and up-regulate
expression of HLA-DR and ICAM-1 (Shimabukuro et al., 1986). These fibroblast-derived mediators
and surface antigens are known as essential molecules in immunaregulation of the cells in innate and
adaptive inflammatory response.

Immunohistochemistry findings of periodontitis lesion have demonstrated that locally infiltrated T
cells and gingival fibroblasts are in close prmiimlty in (Murakami et al., 1999; Okada et al., 1983). It
is, therefore, reasonable to speculate that meé/)irnune cells and their cytokines may have an
opportunity to directly interact wath the resi J Vﬁﬁ'bfi‘_@_lgsts and are mutually affected through
heterotypic cell-cell interaction as well as c‘ﬁl-cy‘tﬂkine interaction. In this study, we invesligaled the

_—
effects of IL-17, a regulayjfeﬁ

cylokine, on the immune

ytokine, alene ar in cmnl;inatiun with IFN-Y, a well known Thi
] uf HGRs. Upon cytokine fsingle or combined) stimulation, we
analyzed HGFs in fl ) ,uf‘ c%rsgnwhm molecules (HLA-DR and CD40), adhesion
£

= | 5‘1
v

molecule (ICAM-1) and
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It is now accepted that periodontitis is a multi-factqr[al disease with microbial dental plaque as
the initiator (Kifiane; 1999). Although‘bactera are esserthal, dhay ard-nsufficient for the disease to
aceur. The pathogenesis of periodontal disease i modulated by host responses to dental plague. In
additiep.ca wide-yariety of determinants, and-factors) eitherenvironmentateracauirad, e.g. smoking,
stress'.vsystemic diseases, genetié factors, microbial compdsition of-dental plague-(Nunn, 2000) are
known to influence the host response. Therefore, these factors could subsequently have certain
effects on the disease initiation and progression,

The bacterial profile of plague associated with periodontitis is a specific group of predominantly
Gram-negative, anaerobic or microaerophilic bacteria. They colonize on the root surface in the
subgingival area (Page and Kornman, 2000). The key periodontal pathogens in chronic periodontitis
are P. gingivalis, and T. forsythia whereas those in localized aggressive periodontitis are A.

actinomycetemcomitans (Van Dyke and Serhan, 2003). Lipopolysaccharide (LPS) is well known



Gram negative bacterial product found in dental plaque biofilms. If the bacterial biofilms are left
undisturbed in periodontal pockets, they continue releasing their products, particularly LPS, into
pocket junctional epithelium, blood vessels and deeper connective tissues of periodontium (Slots
and Ting, 2000, Sacransky and Haffajes, 1991). LPS has the potential to interact with nearly all cell
types in periodontal tissues including immune cells (lymphocytes, polymorphonuclear leukocytes
(PMNs), macrophages) and resident cells I:ﬁt’roblasts. epithelial and endothelial cells). The binding
of LPS to its receptor on host cells leads to cell %ﬂﬁnn and the release of mediators and cytokines,
all of which could contribute o 1he local inﬂamrl:ra ryrespanse in the periodontal tissues,

Current knowledges Egst the involverment of many cell types and mediators in the

immunopathogenesis of per dviaea . Histological ﬁnﬁfings show dense cellular infiltrates of

both T and B cells in peri ',.res.iuns s compared to minimal number of infiltrates found in

gingivitis or healthy ti n, ﬁtgﬁeg;lmls of inflammatory mediators and cytokines are
v, <+ N

ancﬁnﬂ@ed tissua in perigdontitis than gingivitis (Seymour et

; ﬁ’ifm’t}d T$rdﬁhmMs in periodontitis lesions reveal the profiles

'{)CDJERD'%-QE*GDf} (Cole et al., 1987, Gemmell et al., 1992;
17344 4

f4%h
-

observed in gingival cr
al., 1993). Phenotypic an:
of activated memeory h

Yamazaki et al., 1993). T cell- riued‘fﬁ.ttoklné\é”ere alse reported to be present. These are IFN-Y,
- ’ - -

IL-4, IL-5, IL-6, IL-10 as well'as & tecently identified, IL-17 (Aarvak et al., 1999; Yao et al., 1995).
e — ey

Locally, these infiltrated immune celf§ were located adjacent to the resident fibroblasts (Murakami

Lt A=A T gl b

A RIS

and Okada, 1997), irf?. therefore, reasonable to speculate that the immunocompetent cells and their
’“.' J':/

cylokines may ha\E ar

Dl t} Thus, the heteratypic cell-cell
N

interaction and cell-cyﬁiyine interaction are indeed needed to bﬁ?explored.
</ <

1.2. Gingival fibroblasts

Fibroblasts are the dominant resident-cells, which inhabit the periodontdl tissues. As such, they
are erucial for maintaining the éﬂnn&cthrs ligsues, Whic:h support and ancmr the tooth. In the past
they had been considered to function as the simple supporting framework for other cell types. Mow it
is firmly established that fibroblasts are anything but simple. Rather, they have been found to be a
dynamic cell type invalved in many local tissue functions and in host defense (Phipps et al., 1997).

Gingival fibroblasts could secrete various soluble mediators of inflammation including PGE,, IL-
1, IL-6 and IL-8 in response to extrinsic environmental factors such as plaque bacterial pathogens
and their products and cytokines. These fibroblast-derived mediators are thought to play important
role in inflammatory response in local periodontal lesions. Many plaque bacterial products e.g. LPS

derived from P. gingivalis, A. actinomycetemcomitans and Prevotella intermedia were shown to



enhance IL-6 and IL-8 production from gingival fibroblasts (Dongari-Bagtzoglou and Ebersale,
1996a; Dongari-Bagtzoglou and Ebersole, 1996b; Imatani et al., 2001; Ohmori et al,, 1987; Takada et
al., 1991; Tamura et al., 1992). Fibroblasts are considered to be major sources of these IL-6 and IL-8
cytokines which are secreted in high amount both constitutively (Bartold and Haynes, 1991; Dongari-
Bagtzoglou and Ebersole, 1998) and in response to bacteria, IL-1, TNF-CL (Takashiba et al., 1992)
and IFN-Y (Sakuta et al., 1998; Takashiba etal., 1992).

Fibroblasts not only respond to extrinsic Enyé)n‘h | signals, but are also able to receive and
process signals from other host cells by direct mnmﬂ/ “and through cell-cell receptors and ligands
(Fries et al., 1995). Lymplu::ﬁ;HGF |r||tner‘J tion in |rn'kan'imatn::-r;,.r gingival tissue was first descried

morphologically by SCW

observed in intimate conta

e (1972), who r&poﬂed that lymphocytes were frequently

damaged broblasts in the infiltrated connective tissue of human
gingival biopsy speci A
marked cytotoxic effe

te-‘;l ﬂ'l;lt}}fmphncytas sensitized to dental plaque may exerl a
mugh MEmtypnc direct interaction. Recent studies of cell

adhesion molecules have revealed tha m%cdlar mechanisms of such adhesive interactions
a4 idd
between various cell types, these m;r-g,duﬂsive inleractions between lymphoid cells and

v,

dto p[ay 1m|an5ﬁnt roles in lymphocyte retention and lodging in
uckley et al., zma;lauralmmu and Okada, 1997; Murakami et al.,

inflamed connective tissues

1997).

= T

/: /‘ RIS
Cellular acl:watnml, which could lead to a local Inﬂammatnr)ﬁespnnse in periodantal tissuas,

results from lymphmﬁ—mmm%g)hgam such as CD40 and CD40

ligand (CD40L) mteméﬁ#:n CD40 is recognized as one of the patwatmn antigens on fibroblast and
<

also as one of the co-stimulatory molecules for T cell activation. It iz expressed on many cell types,
including monocyles/macrophages, dendritic cells, epithelial cells and fibroblasts. The counter
receptor for CD40, CD40L, is expressed on activated T gells and mast cells (Banchereau et al.,
1894). Immunohistochemical staining of gingival biopsies.demonstrates expression of CD40 in both
inflamed and non-inflamed tissues)(Sempowski et &l 1997), Gingival fibrabl8st activation via CDA0
was abile to pr:::-::iu{ig pro-inflammatory cytokines IL-6 (Sempowski et al., 1997) and IL-8 (Dongari-
Bagtzoglou and Ebersole, 1998; Dongari-Bagtzoglou el al., 1997).

2. HLA-DR and CD40 on human gingival fibroblasts

2.1. HLA-DR



Lo |

Maijor histocompatibility complex (MHC) class |l antigens are important recognition elemenis
regulating cell-cell interactions in immune response. These molecules are necessary for antigen
recognition and presentation to T cells and for T cell activation. In contrast to earlier reports
describing HLA-DR. a subclass of MHC class |l antigens, expression as restricted to lymphoids cells
including B cells, activated T cells and monocytes macrophages, several studies demanstrated that

these antigens can also be induced or endatfielial cells. keratinocytes and fibroblasts (Takahashi et

al.. 1994). Among various cytokings, IFN= requlatory protein produced by activated T

cells and iz known as the most poter r of MHC class |l expression an non-

hmphiod cell types including piasts. nteresingly =Y treated HGF induced proliferation of
primed allo-reactive D4 2/ HUADR ¢ lanner. This finding suggested that
exprassion of HLA-DR | . \‘ 5 livaled T-lymphocytes to proliferale

e sitgs of inflammation” (Shimabukuro et al . 199§). The
et \
i \ presenling function of HGF was further

v -L-\ senaar el al, 19971 However, the

A 2
A‘t‘ﬁﬁ)
2.2, CD40 VIEESS < 0

-

A I
T /.&‘4/?& /8

CD40 is a 50 ely expressed by many cells of

\ . -
hematopoietic origin Ingloding B lymphocytes, olicular dendnic J 5. and monocyles/macrophagas
Cellular responses mmiale ger'ﬁ by CD4A0L which is principally

displayed on actvated

dependent B cell o-stimulala'y’ path and in the pn% of T helper cell functions. Fibroblasts,
L=

which are tradi aﬂ;lu%n m%llu ﬂa gress C D40 bath i vive and

in vitro and its expression was up-requlated by IFN-Y (Frigset al., 1995: SenfBeluski et al . 1007} In

ool W) SR TRV TR B Vel o s

secreti@n was demonstrated. It was shown that ligation of CD40 on HGF with CDA0L resulted in

cells. The CD40-CD40L interaction is considered a crucial step in T call-

Cytokine secretion in wiro (Dongari-Bagizoglou et al, 1997; Sempowski et al., 1997) It is possible
therefore that CD40 expression an HGF may play an important rola in inflammatory response in local

pernodonial lesions,

3. Cytokines in periodontitis and related cytokines in the present study



Cytokines can be defined as small proteins (8-80 kDa molecular weights) that usually act in
autocrine or paracring manner. They are cell regulators that have a major influence on the production
and activation of different effector cells. T cells and macrophages are major source although they are
produced by a wide range of cells that play important roles on physiologic and inflammatory

responses (Gemmaell et al, 2000). They are usually produced transiently, are extremely potent,

generally acting at picomalar cencen and interact with specific receptors at the cell
membrane, sefting of a cascade that enhancement or inhibition of a number of
cylokine-regulated genes in th {Baikw 1989}

\

Many cylokines are W

cells. Cytokine function may nabbe

Iﬁmapping activities on different target
We!l to a given cytokine depends on
n:e“ regulatﬂ to which it is constantly exposed.

recepters, and third by 3 i itive istic mteq‘m:una on cell function (Cohen and
— <
Cohen, 1996).

the local concentration,

Cytokine interact in a.n

Cylokines are kno
lecation, and there is slrop

enee,lp{ p‘a these mediators in periodontitis. They are
A-\Jf‘ .

high levels of inflammatory medrel&a‘.‘éﬁk S Such 5 IL- 1B THFE-CL, IFN-Y, IL-6, IL-10, IL-13, IL-4,

4" W

IL-8, MMP and FGE:IEWG: been detected [I-érﬁman atal.ﬂ%?ja and Murakami, 1998).

IL-8isa chemeeltmctanpefmkjn#pmdueed by a vafiety of tissue and blood cells, It is formerly

e Fb VA - e b e e e

with weaker effect on other blood cells (Baggiolini et al., 1994; Bickel, 1993). IL-8 attracts neutrophils

PR B A A o

the mq*halm burst and to degranulate on arrival at the site of the challenge (Kornman et al., 2000).
This cylokine has been thought to play a significant role in various forms of periodontitis (Bickel,
1993 Fitzgerald and Kreutzer, 1995; Gainet et al.. 1998: Takashiba et al., 1992).

IL-8 concentration was shown to be increased in gingival crevicular fluid from
patients with periodontitis (Tsai et al., 1995), and remained elevated in patients who did
not respond to treatment (Chung et al., 1997). High levels of IL-8 in plasma were

detected in patients with various forms of periodontitis and the presence of mRNA for IL-



8 was observed in gingival neutrophils (Gainet et al., 1998). In inflamed gingival tissues,
it was observed that IL-8 was produced in epithelial cells, macrophages and fibroblasts
(Tonetti et al., 1993). As mentioned earlier, HGF IL-8 could be induced by stimulation
with bacterial LPS or other cytokines (Sakuta et al., 1998; Steffen et al., 2000; Takashiba
et al.,, 1992; Takigawa et al., 1994). The decisive role of IL-8 in periodantal disease is not
clear. It is possible that at an early pf’wi? )I periodontal inflammation, IL-8 may be
required to attract neutrophils and [eukocﬁéo’ gliminate the infection. On the other
hand, at the chronic staﬁe of permduﬁfal inflammation, excessive IL-8 may be unwanted

but inevitably preseryue'(

local cellular/cytokine

ntlnuJLactwatmn by Eth|DQIC baclerial plague and the
m the lesion. Therefare, additional work is required to

determine the significanée oﬂokme in periodontal disease.

3.2. Interferon-y DA
,;. L 7_)-44 +
> ”’j '
IFN-Y has a major role i he ra@&'ﬁahun crf::ﬂﬁune response. It has a wide variety of biological

Bl

achvities on immune cells. Its reﬂuiaﬁr eﬁecﬁﬁlﬁ‘ﬁes the activation of macrophages to enhance

their phagocytosis and turnﬂr‘lulhtfg @pﬂbﬂlh;\és wéTl'aa actwfuﬂn and growth enhancement of

A K

cytolytic T cells an\? Www-regulams Class | MHC antigen
Y

expression, and mduaais Class Il MHC and Fc¥ receptor expfessmn on macrophages and many

ather cell types Incluﬂihg lymphoid cells, mast cells and ﬁbr‘nﬁlasts so that it may influence the
capacity of cells to present afitigen (Shimabukuro et al., 1996). IFN-Y also plays a major role in B-cell
maturation and &mrrmfmglobulin secretion.

High levels of IFN-Y mRMNA are detectable in inflammed gingival tissuésAShimabukuro et al.,
1996; Takeichi et ak, 2000), Lundgvist et al; (1994} reparted that nct only (I.fu Tcells but also YO T
cells from adult periodontitis patients expressed mRNA for IFN-Y. In addition, IFN-Y could be
demeonstrated in supematant of gingival mononuclear cells from rapidly progressive periodontitis
patients. Furthermore, IFN-Y was detected in gingival crevicular fluid of periodontitis patients (Salvi et
al., 1998).  The presence of IFN-Y is likely to prime local HGF and these primed HGF could
subsequently induce further immune reaction. For example, T cell proliferation could be induced in

vitro by IFN-Y treated HGF, as mentioned.



3.3, Interleykin-17

Human IL-17, a 20-30 kDa glycoprotein, is a recently described T cell cytokine which has been
speculated o play an essential role in immunopathogenesis of periodontitis. The major source is the
activated memory (CD45ROCD4") T cells (Aarvak et al., 1999; Yao et al., 1995). IL-17 exhibits

peiotrophic biologic activities on various types of cells, such as fibroblasts, endothelial cells, and

epithelial cells, mediating a wide re nge =12 25, mostly proinflammatory and hematopoietic
(Chabaud et al., 2001: FossieZ el 396! vier elal, 393: Yao et al., 1995). Many IL-17 sludies

) atold [ %esﬁng that IL-17 has the potential to
be an important cytokine in n, and associated with disease states. Interestingly, IL-

\ ’. & i

particularly, in 4 to 5

It was shown that ranscgiptional NFskB getivity and IL-6 and IL-8 secretion in

mouse fibroblasts, endot duced T cell proliferation (Rouvier et
J B

al.. 1993). Futhermore AL imblates lcells to secre okines and growth factors (Fossier

et al., 1996). It enhances ecllatﬂ'.ﬁ ’!; sumatoid arthritis synoviocytes in vitro
AL ZN (4
(Chabaud et al., 1998). In ¢ =d a synergism in the stimulation of IL-

8 secretion and the induction of ntercefiulz sion,molecule-1 (ICAM-1) and HLA-DR expression

through chemokines m - {Laz its Tle in inflammatory responses, IL-17

has potential to induce bone destruction, A recent work showed that IL-17 gene transfer strongly up-

regulated the synovial recep%/actwﬁt of nuclear factefkappa B ligand (RANKL) / osteoprotegerin

(OPG) ratio a Q’] UH@ w % Ui ﬂ’}aﬁe erosion compared with the

control groups (Lubberts et al., 2003). RANKL and the decoy receptor OP@LAs been identified as
~“INARE AT AR e v+
maﬂquanuduntiﬁs is a chronic inflammatory disease, which involves alveolar bone destruction.
Even though, the presence of IL-17 in gingivitis and periodontitis tissue has been recently
demonstrated, the role of this cytokine in periodontitis is still largely unknown.

In periodontitis, dense infitration of activated memory T cells and high levels of T cell
cytokines were consistently detected in extravascular conneclive tissues. Although T cells have
been implicated in the pathogenesis and are considered to be central to both progression and
conirol of chronic inflammatory periodontal disease, the precise contribution of T cells lo tissue

destruction has not been fully clarified. In this study, we investigated the affacts of T cell derived



cylokines IL-17 and IFN-¥ on HGF with regard to co-stimulatory molecule expression (CD40 and
HLA-DR) and cytokine production (IL-8)

Procedures
J
1. Reagents and monoclonal antibodies {n’;@,
Dulbecco's modified Eagle's mediumJ {Dmmemented with gentamycin (20 pg/ml),
penicillin G (50 U/ml), streﬁgmyain {50

fetal calf serum {chugun(

Recombinant human IL-1 o

imi) and fungizone (2.5 pg/mi) and 10% heat-inactivated

ratory, Grand Island, NY} was used throughout the study.

Twere tained from R&D systems Inc. (Minneapolis, MA, USA).

-

MAbs against ICAM1 ‘{PerGF}Jﬂere obtained from BD PharMingen (San Diego, CA,
USA). MAbs against OUsE 150 cuntml monocional antibodies (FITC, PE, and PerCP)
were obtained from Bect icki ﬁ'{San f CA LISA).

2. HGFs

Gingival tissue samples

A '”5‘ 4

re cﬂ'i:med f‘mﬁ.ﬁubjam who had clinically healthy periodontium
with no history of periodontitis. Tnﬁ‘glngwa! bmﬁﬁi&&_&am obtained at the time of crown lengthening
procedure for prosthetic rﬂasgus;fvgllj the Pgw Clinic, Faculty of Dentistry, Chulalongkorn
University. Before E_ﬁéraunn. ethical approval was obtained iroln:‘@elhics committee of the Faculty
of Medicine, Chulél_:ﬁ_gkom University, and informed mnﬁingys obtained from each subject.

Fibrablasts from the g@ival tissues were obtained following es@;lished procedure (Murakami et
al., 1999). Briefly, the excised tissue was immediately washed and then minced with scissors into
fragments (1-3.mm°).and.placad.in 60-mm, tissue culture.dishes. After-a.confluent manalayer of cells
was reached, BGFswere trypsinized, washed twice and tHan transtarred to new tissue culture flasks.

The HGF cultures at passage 4 were used throughout the‘stady.
3. Stimulation of HGFs with IFN-Y and IL-17

HGF (1x10° cells/ml) in 48-well plates (Corning Inc. Corning, MY, USA) were stimulated with
various concentrations of IFN-Y, IL-17, or the combinations. The cells were harvested at different time

points to measure the expression of CD40 and HLA-DR using flow cytometry. Culture supernatants

were assayed for IL-8 production.

4. Flow cytometry analysis



10

HGFs were gently trypsinized and washed twice with phosphate buffered saline (PBS). The cells
were then stained with mAbs anti-ICAM1 (PE), anti-CD40 (FITC) and HLA-DR (PerCP). Mouse
isolype mAbs conjugated with FITC, PE, and PerCP were used as control. HGFs were stained at 4°C
for 30 min, washed in PBS, and reconstituted with 1% paraformaldehyde. Normally, 1,000-2,000 cells
were analyzed by FACSCalibur (Becton Dickinson, Mountain View, CA). The levels of surface

molecule expression were presented bwy /uresl:ence intensity (MFI).

';Q_ -17 stimulated HGF was measured by
commercially availab MWHSI MA, USA.). The assay was
performed according ' . The datection limit of ELISA assay for IL-8 is 3.5

N AN
il Wy
ny Y
6. Statistical analysi -
The data were analy. S version 10.0 for window. Student’s ¢

4
v
combined stimulation of 1L-17 an

0.05 was regarded ﬁmmi‘ﬁmﬁt‘?h; ‘reaulé of IL-B m

?éfponse to the combination of IL-

- e

Index of synergy = D -

L-17 s IF R

Cytokine production .. + Cytokine production e

e oA LI IR TN Fros e v

matched pairs signed-ranks test. An index of synergy=> 1 and P =< 0.06'was considered as

ﬂ@W’%@*ﬂﬁ? A1 IVIE 1N E

Results

IL-17 specifically and dose dependently augmented IFN-Y-induced ICAM-1 expression an HGF
al the protein level whereas HLA-DR, CDA40 levels were not modulated by IL-17. On the other hand,

IL-17 alone did not affect ICAM-1. In addition, IL-17, both directly and in synergism with IFN-Y
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stimulated the release of IL-& by HGFs. The synthesis of IFN-Y-induced IDO was not changed by
adding IL-17. Taken together, the results suggest that IL-17 is an important player of T cell-mediated

periodontal immune response, with synergistic effects on IFN-Y-stimulated HGF activation.

1. The kinetic and dose response experiments of IL-17 and IFN-Y on HLA-DR, CD40

and ICAM-1 expression on HGFs.\ ' ,/

HGFs was shown in Figure 1. HGFs we EDDD U/mil) and IL-17 (500 ng/ml) for 1,

DR, CD40 and ICAM-1 expression on

2, 3, 4, and 5 days and the eXpress Gl Ias was analyzed by flow cytometry, As
compared with un-stimulated HGEFs - ted HLA-DR and ICAM-1 expression
was early detected at day 1 (MFI =
109.18) and day 2 (M .83} afte n, ' The expression of both molecules

increased over time and peal 5 (MFl = 7 l or HLA-DR, Figure 1A and MFI = 167.17 for
ICAM-1, Figure 1C). In addi - - : e H\ 0 expression on HGFs, but the induced
effect was lower than : CAM-1 e assi‘_ {Figure 1B). IL-17 had no effect on the

expression of all surface mole : s (Fig A, 1B, 1C).

Y]

2
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A) HLA-DR B) CD40
200 o R ——
150 158
Ew 1w
L) £ 3
. T
1 2 1 z 3 4 s Days
C) ICAM-
700

Figure 1. Kinetics of H | expression on HGFs, HGFs (1 x 10"

gells/ml) were stimulated with & daithout 1F 000" U/iml), and IL-17 (500 ng/ml) for various
periods of time and the expre
Cytomelry.

D40, and ICAM-1 was determined by flow

\ £

r

. ./
A dose raspunsﬁxpeﬁ et Lsing NCEr raliur.ﬂ:f IFN-Y (50, 500, and 5000 ng/mi)
was shown in Figure 2. Re&lsentatwe histograms oi IFN-Y-induced HLA-DR, CD40 and ICAM-1

Z’fﬁlﬁﬁﬂﬂwjﬁﬁﬂm i:iiiﬁ:ff e
YRR e Ibieer R



13

A) HLA-DR
Control IFN=y 50 U/ml  IFN-y 500 U/ml IFN-y 5000 U/ml

Counts

=0 5 10 15 20

B) CD40
Control IFN-y 50 U/ml IFNs 500 U/mi

C) IEAM,!’
Control IFN-r EﬂUﬁﬂl— ‘FN-‘f 500 U/ml IFN-y 5000 U/ml
2] v R S .,
.2 & g‘-"
Ee o |
8. 8,
@ . Ii"ﬂ‘

P e T
Figure 2. Representative histogramis_showing doserésponse analysis of HLA-DR (A), CD40(B). and

: e 7
ICAM-1 (C)expression on HGFs {a=73). HGF cultures Were stimulated with various dose of IFN-Y (50,
[
500, 5000 Wml) fur Sda 5. The expression of HE A- E)R =04 anﬂ/ICAM 1 was determined by flow

cytometry. Dotted T'mes are isotype controls, shaded areas are’ Un stimulated HGF and solid lines
represent cytokine stimulation. The x-axis and the y-axis indicate the relative fluorescence intensity
and cell number, respectively, and the number appearing in the upper right corner of each histogram

indicates mear fluardscende intEnsiny TMEDL)

2. Theo combination Ceffects”of "IL=17 and OIFN-Y" on /HLA-DR,~CD40, and ICAM-1
expression on HGFs

We next evaluated the combination effects of IL-17 and IFN-Y on HLA-DR, CD40, and ICAM-1
expression on HGF cell lines (n = 11). HGFs were cultured with IFN-Y (50, 500, and 5000 Wml), IL-17
(500 ng/ml). or the combination of the two cytokines (50 Wiml IFN-¥ + 500 ng/ml IL-17; 500 Wml IFN-

Y + 500 ng/ml IL-17; 5000 Wml IFN-Y + 500 ng/ml IL-17). After 5 days of incubation, HGF cultures

were harvested and cell surface antigens were analyzed by flow cytometry. Qur results revealed that
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the levels expression of HLA-DR and CD40 on HGFs after stimulation with the combination af the two
cytokines (Figure 3D) were not different from those stimulation with the single cytokine at each
corresponding dose (Figure 3B and 3C) (P = 0.05). On the other hand, the significant enhancement
of ICAM-1 expression on HGFs was detected in the combination experiments (n=11, P < 0.01)
(Figure 3D).

AONUUINYUINNS )
ANRINITUNINEAE



A) Control B) IL-17 500 ng/ml

., HLADR _ CD4O  _ ICAM G40 | icAM1
ol g | o 1830 o]y 986 | 1881 i
£l -0 Al | ]
sef p% Se. 521
8 o Lj § . § alp !
H ", |
S0 ol ot 9 0t 00 ol 102 107 1ot 103 104

50 U/ml 500 U/mli 5000 U/ml
CD40

CD40
2717

18.56

Counts

=0 % 10 15 20
Counts

i 5 ‘.D 'IS 20
Counts
Counts

=0 & !P 15 20
Caounts

=0 5 10 15 20

10

D) Combination

IFN-y 50 U/ml + IL-17 500 ng/ml IFN-y 500 U/ml + IL-17 500 ng/ml IFN-y 5000 U/ml + IL-17 500 ng/ml
ICAM-1

HLA-DR CD40 ICAM-1 CD4o

CD4o ICAM-1
- |,99.97

35.43 i 447 |

18.36

Counts
=0 5 w5 2

Counts
=0 5 10 15 20
Counts
o 19118
Counts
=0 'S 10 15 20

104

Figure 3. Representative histograms showing the combination effects of IFN-Y and IL-17 on of HLA-DR, CD40, and ICAM-1 expression on HGFs (n=11). HGFs
were cultured with and without (A) IFN-Y (50, 500, 5000 U/ml) (C), IL-17°(500 ng/ml) (B), or the cemibination of 2 cytokines (50 U/m| IFN-Y + 500 ng/ml IL-17; 500
U/ml IFN-Y + 500 ng/ml IL-17; 5000 U/ml IFN-Y + 500 ng/ml IL-17) (D) for,5 days. The expression of HLA-DR, CD40, and ICAM-1 was determined by flow
cytometry. Dotted lines are isotype controls, shaded areas are un-stimulated HGF and solid lines represent cytokine stimulation. The x-axis and the y-axis

indicate the relative fluorescence intensity and\cell number ffespectively, and the humber appearing in the upper righticorner of each histogram indicates mean

fluorescence intensity (MFI).



16

3. Dose response experiments of IL-17 and IFN-Y on IL-8 production

Various doses of IFN-Y (50, 500, and 5000 U/ml} and IL-17 (5, 50, and 500 ng/ml) were used to
stimulate HGF cultures (n=4). After 2 days of incubation, culture supematants were collected for

analysis of IL-8 production by ELISA. The results demonstrated that IL-17 induced IL-8 production

from HGFs in a dose dependent manner (Figure 4A), whereas IFN-Y had no effect (Figure 4B).

Wy

A) IL-17
:) e —

_ 2000 ]
E
£ 1500
=
2
B 1000 {
-
=
o .
i

8 L . .

(] 5 500 5000 Wmi

Figure 4. A representative of doge tion in HGF cultures (n=4), HGF {1::1(1“‘

cells /ml) were stimulated with variousﬁugqa)y?

A= SN
Pt

ions (5. 50, and 500 ng/ml) (A) or IFN-Y (50,
500, and 5000 U/mi) (B) for 2 days. The culture supe "

Mllﬁ\ d and IL-8 concentrations
=
)

were determined by Euﬁ. \’_"\'

4. The combination effect of IL-17 and IFN-Y on IL-8 production by HGFs

W A o
We also evaluﬁ muu& m-&ujfﬂla piducticn. HGF cultures
were stimulated with the combination of tmine ( n%l IL-17 + 100 W/ IFN-Y; 50 ng/mi
RN A EREEal GG T A

day incubat%n by ELISA. Interestingly, IFN-Y synergistically enhanced IL-17-induced IL-8 production

in all HGF cell lines (n=15) when combined with a high dose of IL-17 (500ng/ml) (Figure 5C).
However, when IFN-Y combined with lower doses of IL-17 at 5 and 50 ng/ml, synergy of IL-8
production was observed in 6 and 11 HGF cell lines respectively (Figures 54, 5B), while the others

showed no effect (Figures 5A, 5B).
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C) IL-17 500 ng/ml, IFN-y 100 U/ml, combination

10000 50
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Figure 5. The combination ion by HGFs (n=11). HGFs were

cultured with and without | 0 ng/ml}, or the combination of 2

cytokines , 5 ng/ml IL-17 + 100
+ 100 Uil IFN-Y (C) far 2 days. Tbeymg:)'e supe ,' ants were collected and IL-8 concentrations

- 3

= T A Y
were determined by @ﬁ& Each dot in tha( Mf nts IL-§ value of individual
- e

subject. Each dotin t ’v”-' Ht compartmen

combined stimulation. g M
Index of synergy = Cytokine pmductic:nvm_m,m_-,-,

STV
ﬂW’]ﬂ\‘i 1173 Ebiseussion | VT EL 16V E

Periodontitis is characterized by and influx of inflammatory cells. Interaction between locally

infiltrated T cells and resident fibroblasts might play an important role in periodontal inflammatory
response. Previous observations demonsirates that IL-17, a product of activated T cells, is locally
expressed in periodontal inflamed lesion (Ito et al., 2005; Oda et al., 2003; Takahashi et al., 2005). To
obtain more detailed insight in the consequences of T cell/gingival fibroblast interaction, we analyzed

the expression of co-stimulatory molecules, adhesion molecule and chemoking on cultured HGFs in



19

response to aclivation with IL-17 or in combined with other T cell-derived cytokine , IFN-Y, in wilro.
Qur results show that IL-17 alone, IFN-Y alone, or combined T-cell derived cytokines. have
differential immunaregulatory effects on HGFs,

Unlike IL-17, IFN-Y greatly induced up-regulation of HLA-DR and ICAM-1 expression on HGFs
and minimally affected up-regulation of CD40 expression. In contrast, other studies demonstrated
that IL-17 enhanced HLA-DR expression (Teunissen et al., 1998) and CDA40 expression on

keratinocytes (Waltman et al., 2000). This discrepancy could be due to different cell types used in

the experiments. The clear effects of IFN-Y onpé-{;i]lu atory molecule expression on HGFs reqguired

long incubation exposure (5 days). The finding a other studies which demaonstrated that

the long cullure periad of at Ieaat—a-days was Jﬁd&(@(‘f—induced up-regulation of HLA-DR
expression on HGFs (Wasse M 1

7). It is possible. that endogenous mediator(s) induced
from IFN-Y-treated HGFs M :

with other observations, our

to the up-regulation ef HLA-DR expression. Inconsistent
' hatdL-17 did not enhance IFN-¥- induced HLA-DR and
CD40 expression on HGFs | et /ail .‘IE!E'S“Taunlssan etial., 1998). Unlike dendritic cells,
fibroblasts are recognize

smn?i a |gen—preaenting cells and cannot prime antigen-
specific naive T cells (Mural

kad;.{ 1997).
tis’ Iéémns s(ﬁ‘ afm:gan ap?cunc memory T cells (CD45R0O+
Yamatskl et i!ﬂBS} Oi‘il‘ findings that HGFs can be induced

TR g

Prev!nus reports indicated that the majority of
CDa+ Teells infiltrating in per

CD4+ T cells) (Gemmell et al., 19

Laride ),
to markedly up-regulate HLA-DR aﬁd’;‘ﬂﬁmmsl mxprﬂssmn by IFN-Y may imply that the
activated HGFS might possibly ba«swa/mljmvlaw.antlgen -specific memory T cells which

=) >4
Migration and retenﬁaﬂaf inflammatory cells in periodontally disbuéed tissue may be mediated

requires low threshold -;L&a-sumulatury molecule expression.

by a family of cell surfacg}eceptnrs known as the cell adhes‘rﬂn_&ulecules. e.g. ICAM-1. IFN-Y
enhances ICAM-1 expression on HGF 5 whereas IL-17 had ncr en‘ect When simullaneous activation of
HGFs with IL-17 anf:.f IFN ¥ smarglstn:ally enhancad IICﬁM-! ua:mess‘ion (at least 2 fold higher than
sum of single Stlm'-ﬂaﬁuns} as demunﬂtmted t::g.r statistical analysss {p-=0. ﬂ‘l} on [he other hand, the
camblner;i cymklma sunwlnallun du:i ot have adl:uﬂue effecton HL&-DR am:i GBAG expresslun Similar
synergy un ILAM 1 Bxpmsshn due fo combiried cytuk:ne stifulation ‘eeuld alsu be observed in
human skln kerannucyta (breast skin and foreskin) cultures (Teunissen et al., 1998). Thus, it seems to
be likely that the strong induction of ICAM-1 expression by these two cytokines may play crucial role
in recruitment and retention of infilirating T cells which is a hallmark of periodontitis lesion.

IL-8 represents a key chemokine involving PMN recruitment to the site of inflammation (Bickel,
1993). High levels of IL-8 production have been shown to be associated with diseases such as
rheumateid arthritis (Furuzawa-Carballeda and Alcocer-Varela, 1999; Gerard et al., 2002) and severe

asthma (Linden, 2001). Also such association has been reported in periodontitis (Chung et al., 1997;
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Tsai et al., 1995). In this study, we evaluated the effect of IL-17 and IFN-Y on IL-8 production by
HGFs. We showed that HGFs produced |L-8 in response to IL-17 but not to IFN-Y. Although IFN-Y
alone has no effect, significantly increased levels of IL-8 production from HGFs could be observed
when this cytokine was combined with IL-17. The synergistic effect on IL-8 production from
keratinocytes induced by these two cytokines was also reported by other investigators (Albanesi et
al., 18999; Andoh et al., 2001; Teunissen et al., 1998). Interestingly, the synergy of IL-8 production
could be detected in all HGFS cell lines at a higher dose of IL-17 (500 ng/ml) whereas at lower doses
(5 and 50 ng/ml), heterogeneous response Was Ipbsewad in our study. The heterogeneity of
fibroblasts is not new. Previous observations sho.w_éﬂ’)be heterogeneous HGFs response from
different healthy donors after stimulation of HGFs eimg;iﬁﬂ'{bactﬂrial products (lipopolysaccharide
or lipoteichoic acid) or cytoki'rltiﬂL-ﬂ (Dﬂng: -Bagtzoglou et ’a‘i.. 1997, Sugawara et al., 1998).

These heterogeneity findings r fcytﬂki production by fibroblasts may be dependent on

many factors such as differe n b.i stimulants, genetic factors, selective expansion of certain

clonal fibroblast subpopulation ) ne;'aa yeiﬂrtl;danﬁﬁed mechanisms (Dongari-Bagtzoglou and
e issue of heterogeneous response in IL-8 production from

&
HGFS is very interesting an EI‘LItBtﬂ &;ea%e susceptibility and severity. Further studies
Y 144

)7 £
Add .\'jjd

““Concl u:%‘

7 2 e T R
L= S g, Nl
= - RS B

In summary, our rg_sgm indicate that IL-17 has effect on IL-8 E‘@uminn from HGFs whereas

IFN-Y has effect on HI\:H?_DIR CD40 and ICAM-1 expression. The__;elta imply that co-stimulatory
maolecule expression, adhgﬂcn molecule expression, and chﬂmocﬂ'le production of HGFs may be
controlled by different mechanisms. Expression of co-stimulatory molecules, HLA-DR and CD40,
adhesion moleculerICAM-1~as well as d-8-production are-important in<immune response. The
combination of IL-17 and IFN-Y-results in’ synergisms of expression”of ICAM-1 and IL-8. We,
therefore,.suggest the critical role.in immunoregulation of the locally produced, T-cell cytokines, IL-17

and IFN-Y, that may exacerbate pericdontalinfliammatory response via gingival fibroblast activation.

Suggestion for Further Work

Our study highlights that IL-17, a T cell-derived cytokine, may play important role in the
immunopathogenesis of periodontitis, the advanced from of disease. IL-17 together with IFN-Y, this
combination synergized chemokine IL-8 and adhesion molecule expression, thus promothing

inflammation, One of the main functions of IL-17 involves connective tissue and bone destruction as
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can be seen in rheumatoid arthritis, a similar T cell-mediated disease. Further investigation into the
effect of IL-17 on osteoblast cell differentiation would be of interest, and thus providing a better
understanding of the mechanisms underlying periodontal tissue destruction which may lead to tooth
loss. Qur laboratory is now generating human osteoblasts derived from alveolar bone and if possible

the preliminary study of such investigation may take place.
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Report of peripheral blood mononuclear cell (PBMC) study

Table 1. shows IL-17 production in PBMC cullures (n=10) after stimulation with Porphyromonas
gingivalis, Actinobacillus actinomycetemcomitans and Actinomyces viscosus. Inconsistent data of
IL-17 production could be observed. There were 5 out of 10 PBMC cultures that responded to
FP.gingivalis and A. viscosus and IL-17 protein could be detected. Whereas none of A
actinomycelamcomitans-stimulated PBM'EC £ es produced IL-17. In our proposal, the method of
this protein detection was ‘Eglrned out using' Bl ;____grah:-re. we included RT-PCR technique, a
sensitive method to deteet IL-17 mMRNA écpresslnn in P. gingivalis-stimulated PEMC. Again, mRNA

, —— S
expression of IL-17 W the inconsistent data.
The problems that we enc red may be because our study was originally designed based on

17 is produced from antige iﬁc fcalé {Tﬁ1?] {Harrington et al., 2005; Park et al., 2005). The

J ld\\

Th17 data support our ob n that pnm{al? stimulation of PBMC with Porphyromanas gingivalis,
cumﬁaﬂs and j Actrnnmycﬁs viscosus could not induce IL-17

A0A°

production. Due to these facts, *,wx:.amd noﬁ@iaf investigate the cell source of IL-17 using PEMC

mdal- /--‘? WJ
et /’//":; v ‘J\‘\J‘_

N £
Subject | Control | Pg Aa-= | Av

\ & TR

1 ;‘I - - _ :.l -

2 U - -3 75.27
3 o - 26.91
| 4 -1\ 9/ 2P | -~ 47.65
5 28,01 L -

6 |- P S - -
7 2L, a048 -

8 - 26.52 - -

9 - 20,61 - 88.32
10 . 97.74 - -

Table 1. IL-17 production by bacterial stimulated PBMCs (n=10). PEMC were cultured with 10 Ha/mi
of Porphyromaonas gingivalis, Actinobacillus sctinomycetemcomitans, or Actinomyces viscosus for 5

days. The supernatants were collected for analysis of IL-17 by ELISA.
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Pg = Porphyromonas gingivalis | Av = Aclinomyces viscosus , Aa = Aclinobacillus

actnimycetermcomitans
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