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   Periodontal disease has been recognized as local infectious disease, which becomes major cause of tooth

loss in the adults. However, it is now being re-recognized as low-grade inflammatory disease exhibiting nega-

tive impact on the host. It is believed that severer form of periodontal disease is often seen in diabetic and/or

obese subjects. This may be associated with chronic immuno-activation due to hyperadipocytokinemia as

well as hyperglycemia. Severe periodontal inflammation, in turn, acts to evoke insulin resistance and to accel-

erate atherosclerotic changes. Therefore, the disease may accelerate the fatigue of pancreatic β-cells as

well as vascular inflammation. Overall, the disease may promotes the aging itself. Because of these unwanted

negative effects of the disease, it is very important to understand the molecular mechanisms as to why such

small, local inflammation due to oral infectious disease is intensified to the levels of influencing our systemic

health. Here in this mini-review, we discuss about the negative effects of periodontal disease on acceleration

of aging.
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Introduction
　According to the estimation by 8020 Promotion Foundation

in Japan, tooth loss due to the periodontal disease markedly in-

creases after age 45 and about 41% of total tooth loss is due to

the periodontal disease. As a result, about 20 to 25% of elder

people aged 65 to 74 is edentulous. From these facts, it is obvi-

ous that periodontal disease is a disease of aged people. How-

ever, it is now being recognized that the disease itself may pro-

mote the aging as chronic low-grade inflammation.

　We previously reported effective periodontal treatment mainly

composed of antibiotic chemotherapy for diabetic subjects with

severe periodontal disease results in the decline in circulating
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tumor necrosis factor -α (TNF-α) and glycated hemoglobin

value possibly via improved insulin sensitivity1). As periodontal

disease is a chronic disease, it is possible that it will continuously

lower insulin sensitivity if untreated properly, which ultimately

accelerates the fatigue of pancreatic β-cells and may greatly

affect longevity as suggested2). We also reported that serum

antibody titer to the most well-known periodontal pathogen,

Porphyromonas gingivalis is well-correlated with the elevation
of serum c-reactive protein (CRP) level as measured by highly

sensitive assay in non-obese Japanese type 2 diabetic subjects,

indicating that periodontal infection up-regulates CRP value3).

Also, periodontal treatment itself is reported to result in the de-

cline in circulating CRP levels4). It is known that mild elevation

of CRP well-predicts the future development of myocardial

infarction5). Furthermore, anti-inflammatory therapy by statins

targeted against apparently healthy subjects with mildly elevated

CRP but with normal LDL-cholesterol level has recently been

demonstrated to significantly reduce the risk of developing car-

diovascular events, suggesting that low-grade inflammation plays

an important role in developing such vascular disease, and ap-

proach lowering such inflammation is effective in reducing car-

diovascular risk6). Importantly, elevation of CRP by periodontal

disease is exactly in the range of such elevation. Furthermore,

we and others suggested that periodontal infection is associated

with early atherosclerotic changes7,8) as well as micro- and macro-

albuminurea9,10). Recently, it is reported that severe periodontal

disease is strongly associated with the future cardio-renal death

in type 2 diabetic subjects among Pima-Indians11). Because of

these reports, it is very important to consider periodontal disease

not only as the disease of the elder subjects but also as the dis-

ease which itself may promote the aging, and to understand the

molecular basis as to why such local infection is intensified to

the level of inflammation influencing our systemic health.

Amplification of inflammatory responses
by hyperglycemia
　To understand this important molecular mechanism, we first

looked at the effects of hyperglycemia on macrophage function.

We found that under hyperglycemic condition, THP-1 monocytic

cells produces higher amounts of TNF-α and monocyte chemo-

attractant protein-1 (MCP-1). At the same time, c-Jun N-termi-

nal kinase (JNK)-1 is hyperphosphorylated. As hyper-activation

of JNK is known to associate with enhanced cytokine productiv-

ity, we used inhibition assay using JNK inhibitor. As expected,

enhanced TNF-α and MCP-1 production was dose-dependently

suppressed by using specific inhibitor for JNK in LPS-stimu-

lated THP-1 cells cultured in high glucose containing medium12).

It is well-known that hyperglycemia is associated with chronic

activation of protein kinase C (PKC) in several cell types in-

cluding monocytes13). Thus, we speculate that under hypergly-

cemic condition, both PKC and JNK are pre-activated in mono-

cytes. And these cells respond to bacterial challenge in an exag-

gerated manner and produce higher amounts of inflammatory

cytokines during infection.

Adipocyte-macrophage interaction
　Recently, it has been reported that macrophages are integrated

into adipose tissues, and interact with adipocytes, thereby pro-

ducing higher amounts of adipocytokines14). Furthermore, both

adipocytes and macrophages are reported to express toll-like

receptor-4 (TLR4) and free fatty acids (FAA) appear to act as

ligand for TLR415). Although this is unique hypothesis when con-

sidering the pathogenesis of obesity-associated up-regulation of

inflammatory changes, classical ligand for TLR4 is bacterial

endotoxin, lipopolysaccharide (LPS). Additionally, it appears that

infiltrated macrophages in adipose tissues are migrated via pe-

ripheral circulation. Therefore, we hypothesized that, in case of

periodontal infection, activated macrophages via TLR4 by bac-

terial antigens may migrate into adipose tissues and interact with

adipocytes to produce higher amounts of adipocytokines. There-

fore, we established co-culture system between adipocytes and

macrophages by using transwell system and stimulated these cells

with bacterial LPS. In this condition, it was found that interleukin-

6 (IL-6) and MCP-1 production was markedly enhanced in co-

cultures stimulated with LPS as compared with each cell culture

stimulated with LPS16). To see the role of macrophage-derived

TNF-α in marked enhancement of IL-6 production, we performed

neutralization assay by using neutralizing antibody for TNF-α.

It was revealed that inhibiting TNF action partially (up to 50%)

suppressed enhanced IL-6 production. From these results, we

speculate that IL-6 enters the liver via portal vein to stimulate

hepatocytes to produce CRP. MCP-1 acts to recruit more mac-

rophages into adipose tissues. As TLR-4 ligand, LPS, markedly

up-regulated cytokine production in co-cultures, we are interested

to see differential gene expression in adipocytes co-cultured with

macrophages in the presence or absence of LPS, and performed

DNA microarray analyses. The results indicated that certainly,

IL-6 and MCP-1 gene expression was markedly enhanced by

LPS stimulation17). Besides IL-6 and MCP-1, we found marked

up-regulation of many genes associated with inflammation and

angiogenesis such as RANTES and CXC1/KC 17). RANTES may

promote the migration of T cells into adipose tissues, and CXC/
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KC may be associated with enhanced angiogenesis in the mature

adipose tissues. As for the genes expression associated with in-

sulin resistance, suppressor of cytokine signaling (SOCS) was

up-regulated, while GLUT-4 expression was down-regulated.

Serum amyloid A and plasminogen activator inhibitor-1 expres-

sion was up-regulated, suggesting that atherosclerotic changes

are accelerated under such conditions. Interestingly, Kruppel-

like transcription factor-5 expression is up-regulated, while

PPAR-γ co-activator-1α (PGC-1α) gene expression was down-

regulated, indicating that cell metabolism itself was suppressed

(Fig.1)18,19). Overall, all of these differential gene expression acts

to further promote inflammatory changes in the adipose tissues,

to influence insulin sensitivity, to promote atherosclerotic changes

and to suppress cell metabolism.

Periodontal disease-diabetes-aging axis:
future directions
　As indicated, local periodontal inflammation appears to be

amplified to the level of influencing our systemic health, which

might ultimately affect our longevity, especially in subjects with

diabetes. However, to further confirm these important links, large

epidemiological studies are necessary. One such study would be

the one comparing lifespan between subjects with severe peri-

odontal disease with elevated inflammatory markers such as CRP

and the subjects without periodontal disease. Also, it would be

nicer to compare physical as well as cognitive activity among

subjects with or without periodontal disease. Additionally, fur-

ther in vitro study investigating the amplification mechanism of
inflammation in diabetic subjects other than adipocyte-macroph-

age interaction would be necessary, as there are many non-obese

diabetic subjects in Japan as well as in Asian populations.

Acknowledgments
　This work was supported, in part, by a Grant-in-Aid (No. 20659298)
from the Japan Society for the Promotion of Science and from the Aca-
demic Frontier” Project for Private Universities: matching fund subsidy
from the Ministry of Education, Culture, Sports, Science and Technology,
2007-2011.

References
1) Iwamoto Y, Nishimura F, Nakagawa M, Sugimoto H,

Shikata K, Makino H, Fukuda T, Tsuji T, Iwamoto M,

Murayama Y: The effect of anti-microbial periodontal treat-

ment on circulating TNF-α and glycated hemoglobin level

in patients with type 2 diabetes. J Periodontol, 72: 774-778,

2001.

2) Roth GS, Lane MA, Ingram DK, Mattison JA, Etahi D,

Tobin JD, Muller D, Metter EJ: Biomarkers of caloric re-

striction may predict longevity in humans. Science, 297: 811,

2002.

3) Nishimura F, Taniguchi A, Iwamoto Y, Soga Y, Fukushima

M, Nagasaka S, Nakai Y, Murayama Y: Porphyromonas

gingivalis infection is associated with elevated C-reactive

protein in nonobese Japanese type 2 diabetic subjects. Dia-

betes Care, 25: 1888, 2002.

4) D'Aiuto F, Nibali L, Parkar M, Suvan J, Tonetti MS: Short-

term effects of intensive periodontal therapy on serum in-

flammatory markers and cholesterol. J Dent Res, 84: 269-

273, 2005.

5) Ridker PM, Cushman Stampfer M, Tracy RP, Hennekens

CH: Inflammation, aspirin, and the risk of cardiovascular

Fig.1 Relative expressions of SOCS-
3, GLUT-4, SAA-1, -2, PAI-1,
KLF-5, and PGC-1α mRNA in
LPS-stimulated 3T3-L1 adipo-
cytes co-cultured with RAW
macrophages against those in
un-stimulated adipocytes co-
cultured with macro-phages17)

Total RNA was isolated from adipocytes un-
der each culture condition following 4, 8, 12
and 12h of LPS stimulation, and subjected to
microarray analyses. Data are expressed as
the fold expressions of genes in LPS-stimu-
lated cells against those in un-stimulated cells.



189Inflammation and Regeneration　Vol.29  No.3     MAY  2009

disease in apparently healthy men. N Engl J Med, 336: 973-

979, 1997.

6) Ridker PM, Danielson E, Fonseca FAH, Genest J, Gotto

AM, Kaslelein JJP, Koenig W, Libby P, Lorenzatti AJ,

MacFadyen JG, Nordestgaard BG, Shepherd J, Willerson

JT, Glynn RJ: Rosuvastatin to prevent vascular events in

men and women with elevated c-reactive protein. N Engl J

Med, 359: 2195-2207, 2008.

7) Taniguchi A, Nishimura F, Murayama Y, Nagasaka S,

Fukushima M, Sakai M, Yoshii S, Kuroe A, Suzuki H,

Iwamoto Y, Soga Y, Okumura T, Ogura M, Yamada Y, Seino

Y, Nakai Y: Porphyromonas gingivalis infection is associ-

ated with carotid atherosclerosis in non-obese Japanese type

2 diabetic patients. Metabolism, 52: 142-145, 2003.

8) Amabile N, Susini G, Pettenati-Soubayroux I, Bonello L,

Gil JM, Arques S, Bonfil JJ, Paqanelli F: Severity of peri-

odontal disease correlates to inflammatory systemic status

and independently predicts the presence and angiographic

extent of stable coronary artery disease. I Intern Med, 263:

644-652, 2008.

9) Kuroe A, Taniguchi A, Sekiguchi A, Ogura M, Murayama

Y, Nishimura F, Iwamoto Y, Seino Y, Nagasaka S, Fukushima

M, Soga Y, Nakai Y: Prevalence of periodontal bacterial

infection in non-obese Japanese type 2 diabetic patients:

Relationship with c-reactive protein and albuminuria. Horm

Metab Res, 36: 116-118, 2004.

10) Shultis WA, Weil EJ, Looker HC, Curtis JM, Shlossman

M, Genco RJ, Knowler WC, Nelson RG. Effect of periodon-

titis on overt nephropathy and end-stage renal disease in

type 2 diabetes. Diabetes Care, 30: 306-311, 2007.

11) Saremi A, Nelson RG, Tulloch-Reid M, Hanson RL, Sievers

ML, Taylor GW, Shlossman M, Bennett PH, Genco R,

Knowler WC: Periodontal disease and mortality in type 2

diabetes. Diabetes Care, 28: 27-32, 2005.

12) Iwata H, Soga Y, Meguro M, Yoshizawa S, Okada Y,

Iwamoto Y, Yamashita A, Takashiba S, Nishimura F: High

glucose up-regulates lipopolysaccharide-stimulated inflam-

matory cytokine production via c-jun N-terminal kinase in

monocytic cell line THP-1. J Endotoxin Res, 13: 227-234,

2007.

13) Devaraj S, Venugopal SK, Singh U, Jialal I: Hyperglyce-

mia induces monocytic release of interleukin-6 via induc-

tion of protein kinase c-{alpha} and -{beta}. Diabetes, 54:

85-91, 2005.

14)Wellen KE, Hotamisligil GS: Obesity-induced inflamma-

tory changes in adipose tissue. J Clin Invest, 112: 1785-

1788, 2003.

15) Shi H, Kokoeva MV, Inouye K, Tzameli I, Yin H, Flier JS:

TLR4 links innate immunity and fatty acid-induced insulin

resistance. J Clin Invest, 116: 3015-3025, 2006.

16) Yamashita A, Soga Y, Iwamoto Y, Yoshizawa S, Iwata H,

Kokeguchi S, Takashiba S, Nishimura F: Macrophage-

adipocyte interaction: Marked IL-6 production by co-cultures

stimulated with LPS. Obesity, 15: 2549-2552, 2007.

17) Yamashita A, Soga Y, Iwamoto Y, Asano T, Li Y, Abiko Y,

Nishimura F: DNA microarray analyses of genes expressed

differentially in 3T3-L1 adipocytes co-cultured with murine

macrophage cell line RAW 264.7 in the presence of the toll-

like receptor 4 ligand bacterial endotoxin. Int J Obese, 32:

1725-1729, 2008.

18) Oishi Y, Manabe I, Tobe K, Tsushima K, Shindo T, Fujiu

K, Nishimura G, Maemura K, Yamauchi T, Kubota N,

Suzuki R, Kitamura T, Skira S, Kadowaki T, Nagai R:

Kruppel-like transcription factor KLF5 is a key regulator of

adipocyte differentiation. Cell Metab,1: 27-39, 2005.

19) Russell AP: PGC-1 alpha and exercise: important partners

in combating insulin resistance. Curr Diabetes Rev, 1: 175-

181, 2005.

‥


