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The study of Chemokines in Periodontal Diseases and Regulation of its Expression

Yoshitaka HOSOKAWA

Abstract: Periodontal disease, a chronic inflammatory disease of the attachment structures of the
teeth, is one of the most significant causes of tooth loss in adults and the most prevalent form of bone
pathology in humans, besides being a modifying factor of an individual's systemic health. The bacterial
biofilm attached to the surface of the tooth, close to the periodontal tissues, is the etiologic factor for
this disease. Inflammatory and immune responses, initiated by periodontopathogens, are thought to
protect the host against infection; however, the persistence of a local chronic host response may alter
the protective roles of inflammatory cells and produce deleterious effects in these tissues. In fact, the
development of periodontal diseases seems to be related to the progression of the inflammatory cell
infiltrate into the deeper periodontal tissues. In this situation, chemokines, found in both gingival tissue
and crevicular fluid, are thought to play important roles in the immunopathogenesis of periodontal
diseases. Recently, we have reported that an intense expression of chemokines, including fractalkine,
CCLZ20 and CXCL16, in periodontal diseased tissues can be observed. In periodontal connective
tissues, fractalkine can drive the migration of NK cells. CCLZ20 is a chemoattractant of memory-type
T cells and immature dendritic cells, and CXCL16 can attract Thl-type lymphocytes and NKT cells.

These chemokines might be involved in the initiation and progression of periodontal disease.
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CCL2 FELENFHEEINLZ L AW Lo TnDHY,
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CXCR4 & HIV JEZ4 D co-receptor TH 5H Z & 23HIH 1T
VBl ATARIRLOEREES . BIET ) v~ T OB E
o bR A EBICES LTV ARSI SN TwWh, L
MLRDS, WEEKICBI S Z205EIB L OEE IR
OETL2ME I SN T o7, oA lL, RIERRM
#1238V T CXCL12 B & UF CXCR4 FE3H S PRI R AT
OHENDLZEEHELE L, &5 IHRMMESENE A
% ¢ CXCLI2 FE 41X TNF-a, IFN-y 7 5 UN1Z TGF-p1 i
WL ymmIns gL, ThonZ ek
CXCLI2 (B R~ D JRE A2 B I FRET L, sRE &
DIFFEFIH IS L TV A HIURIB S 7z,

6. BhWIC
WEEICBITAYENA VSR ENASL LY T
7 — OFEHRLEENONWTIRA OIFFEHE R LI &
D THIz, BERITEIIHELETHAEARKIZIILFED,

NKlEa Th14Ae , NKT #88

CXCR6

memory T4k

CCRBE@ CX3CR1

| fractalkine 1

lm
@

IL-1B, TNFot LPS

gt
(Frie SFiAR)

CXCL16 T

IL-1B, TNF-c;, IFN-y

M1 IMENDSEEHEEANDOY) SEREE r T4 v



238

PRIEME D MBEDIE AT § 5 120t > THREHE 2 5
HIEHE RN ZOIRPERT 2 LML TS
DS, FOIFREEALD A 1 = X LZOWTUIIHR A2
HA% N, WAWALRTENA YBVDED LD LN
THESN, 0 X9 RO SSETEIRE % P L,
EO L) ICHEAFRIIEICE S L Cw A R B o 2T
BT liE, HREROFEMRHICEHEESLZ2 DL LTS
BuiciffshszArTh b,

| 3
WEHALIZHIZY, ¥IRMEIES - HmHzEB) T L
TR REFREFBE AN ZNA T3 A T2 ZRfFZE5R RO
F22 00 B OB GEBIZ IR AL L BT E 9. % 72,
Bk D T3k % THO 72 RHRAF 20 B O BIFRAE B4 7,
HEEO R 2 LT,

X Bk

1) Socransky SS: Relationship of bacteria to the etiology of
periodontal disease. J Dent Res 49, 203-222 (1970)

2) Slots J: Subgingival microflora and periodontal disease. J
Clin Periodontol 6, 351-382 (1979)

3) Cole KL, Seymour GJ and Powell RN: Phenotypic and
functional analysis of T cells extracted from chronically
inflamed human periodontal tissues. J Periodontol 58,
569-573 (1987)

4) Okada H, Shimabukuro Y, Kassai Y, Ito H, Matsuo
T, Ebisu S and Harada Y: The function of gingival
lymphocytes on the establishment of human periodontitis.
Adv Dent Res 2, 364-367 (1988)

5) Fujihashi K, Yamamoto M, Hiroi T, Bamberg TV,
McGhee JR and Kiyono H: Selected Thl and Th2
cytokine mRNA expression by CD4(+) T cells isolated
from inflamed human gingival tissues. Clin Exp Immunol
103, 422-428 (1996)

6 ) Takeichi O, Haber J, Kawai T, Smith DJ, Moro I and
Taubman MA: Cytokine profiles of T-lymphocytes from
gingival tissues with pathological pocketing. J Dent Res
79, 1548-1555 (2000)

7) Yamazaki K, Nakajima T, Kubota Y, Gemmell E,
Seymour GJ and Hara K: Cytokine messenger RNA
expression in chronic inflammatory periodontal disease.
Oral Microbiol Immunol 12, 281-287 (1997)

8) Butcher EC, Williams M, Youngman K, Rott L and
Briskin M: Lymphocyte trafficking and regional
immunity. Adv Immunol 72, 209-253 (1999)

9) Yamazaki K, Nakajima T, Aoyagi T and Hara K:
Immunohistological analysis of memory T lymphocytes
and activated B lymphocytes in tissues with periodontal
disease. J Periodontal Res 28, 324-334 (1993)

10) Hosokawa Y, Nakanishi T, Yamaguchi D, Takahashi

11)

12)

13)

14)

15)

16)

17)

18)

19)

TERRS 2520555 2 7 2008
K, Yumoto H, Ozaki K and Matsuo T: Macrophage
inflammatory protein 30-CC chemokine receptor 6
interactions play an important role in CD4+ T-cell
accumulation in periodontal diseased tissue. Clin Exp
Immunol 128, 548-554 (2002)

Hosokawa Y, Hosokawa I, Ozaki K, Nakae H and Matsuo
T: Increase of CCL20 expression by human gingival
fibroblasts upon stimulation with cytokines and bacterial
endotoxin. Clin Exp Immunol 142, 285-291 (2005)

Imai T, Hieshima K, Haskell C, Baba M, Nagira M,
Nishimura M, Kakizaki M, Takagi S, Nomiyama H,
Schall TJ and Yoshie O: Identification and molecular
characterization of fractalkine receptor CX3CR1, which
mediates both leukocyte migration and adhesion. Cell 91,
521-530 (1997)

Muehlhoefer A, Saubermann LJ, Gu X, Luedtke-
Heckenkamp K, Xavier R, Blumberg RS, Podolsky DK,
MacDermott RP and Reinecker HC: Fractalkine is an
epithelial and endothelial cell-derived chemoattractant
for intraepithelial lymphocytes in the small intestinal
mucosa. J Immunol 164, 3368-3376 (2000)

Fujita S, Takahashi H, Okabe H, Ozaki Y, Hara Y and
Kato I: Distribution of natural killer cells in periodontal
diseases: an immunohistochemical study. J Periodontol
63, 686-689 (1992)

Hosokawa Y, Nakanishi T, Yamaguchi D, Nakae H and
Matsuo T: Expression of fractalkine (CX3CL1) and its
receptor, CX3CR1, in periodontal diseased tissue. Clin
Exp Immunol 139, 506-512 (2005)

Matloubian M, David A, Engel S, Ryan JE and Cyster
JG: A transmembrane CXC chemokine is a ligand for
HIV-coreceptor Bonzo. Nat Immunol 1, 298-304 (2000)
Nanki T, Shimaoka T, Hayashida K, Taniguchi K,
Yonehara S, Miyasaka N: Pathogenic role of the
CXCL16-CXCR6 pathway in rheumatoid arthritis.
Arthritis Rheum 52, 3004-3014 (2005)

Abel S, Hundhausen C, Mentlein R, Schulte A, Berkhout
TA, Broadway N, Hartmann D, Sedlacek R, Dietrich S,
Muetze B, Schuster B, Kallen KJ, Saftig P, Rose-John
S and Ludwig A: The transmembrane CXC-chemokine
ligand 16 is induced by IFN-y and TNF-a and shed by
the activity of the disintegrin-like metalloproteinase
ADAMI0. J Immunol 172, 6362-6372 (2004)

Ludwig A, Hundhausen C, Lambert MH, Broadway
N, Andrews RC, Bickett DM, Leesnitzer MA and
Becherer JD: Metalloproteinase inhibitors for the
disintegrin-like metalloproteinases ADAMI10 and
ADAMI17 that differentially block constitutive and
phorbol ester-inducible shedding of cell surface

molecules. Comb Chem High Throughput Screen 8§,



20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

EERICBIUT BT ENA > O5ELEB X OSBRI 2022 G

161-171 (2005)

Motsinger A, Haas DW, Stanic AK, Van Kaer L, Joyce S
and Unutmaz D: CD1d-restricted human natural killer T
cells are highly susceptible to human immunodeficiency
virus 1 infection. J Exp Med 195, 869-879 (2002)

Kim CH, Kunkel EJ, Boisvert J, Johnston B, Campbell
JJ, Genovese MC, Greenberg HB and Butcher EC:
Bonzo/CXCR6 expression defines type 1-polarized T-cell
subsets with extralymphoid tissue homing potential. J
Clin Invest 107, 595-601 (2001)

Kawai T, Eisen-Lev R, Seki M, Eastcott JW and Wilson
ME, Taubman MA: Requirement of B7 costimulation
for Thl-mediated inflammatory bone resorption in
experimental periodontal disease. J Immunol 164,
2102-2109 (2000)

Hosokawa Y, Hosokawa I, Ozaki K, Nakae H and
Matsuo T: CXC chemokine ligand 16 in periodontal
diseases: expression in diseased tissues and production
by cytokine-stimulated human gingival fibroblasts. Clin
Exp Immunol 149, 146-154 (2007)

Murray PA and Patters MR: Gingival crevice neutrophil
function in periodontal lesions. J Periodontal Res 15,
463-469 (1980)

Uchida Y, Shiba H, Komatsuzawa H, Takemoto T,
Sakata M, Fujita T, Kawaguchi H, Sugai M and
Kurihara H: Expression of IL-1f and IL-8 by human
gingival epithelial cells in response to Actinobacillus
actinomycetemcomitans. Cytokine 14, 152-161 (2001)
Garlet GP, Cardoso CR, Campanelli AP, Ferreira BR,
Avila-Campos MJ, Cunha FQ and Silva JS: The dual
role of p55 tumour necrosis factor-alpha receptor
in Actinobacillus actinomycetemcomitans-induced
experimental periodontitis: host protection and tissue
destruction. Clin Exp Immunol 147, 128-138 (2007)

Yu X, Antoniades HN and Graves DT: Expression of
monocyte chemoattractant protein 1 in human inflamed
gingival tissues. Infect Immun 61, 4622-4628 (1993)
Hanazawa S, Kawata Y, Takeshita A, Kumada H, Okithu
M, Tanaka S, Yamamoto Y, Masuda T, Umemoto T and
Kitano S: Expression of monocyte chemoattractant
protein 1 (MCP-1) in adult periodontal disease: increased
monocyte chemotactic activity in crevicular fluids and
induction of MCP-1 expression in gingival tissues. Infect
Immun 61, 5219-5224 (1993)

Ozaki K, Hanazawa S, Takeshita A, Chen Y, Watanabe
A, Nishida K, Miyata Y and Kitano S: Interleukin-1 beta
and tumor necrosis factor-alpha stimulate synergistically
the expression of monocyte chemoattractant protein-1
in fibroblastic cells derived from human periodontal
ligament. Oral Microbiol Immunol 11, 109-114 (1996)

30)

31)

32)

33)

34)

35)

36)

239

Gemmell E, Carter CL and Seymour GJ: Chemokines in
human periodontal disease tissues. Clin Exp Immunol
2001, 125, 134-141

Jiang Y and Graves DT: Periodontal pathogens stimulate
CC-chemokine production by mononuclear and
bone-derived cells. J Periodontol 70, 1472-1478 (1999)
Taubman MA and Kawai T: Involvement of
T-lymphocytes in periodontal disease and in direct and
indirect induction of bone resorption. Crit Rev Oral Biol
Med 12, 125-135 (2001)

Hosokawa Y, Hosokawa I, Ozaki K, Nakae H, Murakami
K, Miyake Y and Matsuo T: CXCL12 and CXCR4
expression by human gingival fibroblasts in periodontal
disease. Clin Exp Immunol 141, 467-474 (2005)

Feng Y, Broder C C, Kennedy P E and Berger E A:
HIV-1 entry cofactor: Functional cDNA cloning of a
seven-transmembrane, G protein-coupled receptor.
Science 272, 872-877 (1996).

Uchida D, Begum NM, Almofti A, Nakashiro K,
Kawamata H, Tateishi Y, Hamakawa H, Yoshida H
and Sato M: Possible role of stromal-cell derived
factor-1/CXCR4 signaling on lymph node metastasis of
oral squamous cell cartinoma. Exp Cell Res 290. 289-302
(2003)

Nanki T, Hayashida K, El-Gabalawy HS, Suson S,
Shi K, Girschick HJ, Yavus S and Lipsky PE: Stromal
cell-derived factor-1-CXC chemokine receptor
4 interactions play a central role in CD4+ T cell
accumulation in rheumatoid arthritis synovium. J
Immunol 165, 6590-6598 (2000).



