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The Role of Inflammatory Cytokines
in Diabetes and Its Complications

George L. King*T

The prevalence of diabetes worldwide is increasing rapidly in asso-
ciation with the increase in obesity. Complications are a major fear of
patients with diabetes. Complications of diabetes affect many tissues
and organs, causing retinopathy, nephropathy, neuropathy, cardio-
vascular diseases, peripheral vascular diseases, stroke, and periodon-
tal pathologies. Immunologic abnormalities are associated with type
1 and type 2 diabetes and diabetic complications. T cell abnormalities
are believed to be the major cause of autoimmune disease in type 1 di-
abetes, leading to the destruction of pancreatic islets. In type 2 diabe-
tes, inflammation and activation of monocytes are postulated to be
important for enhancing insulin resistance and may contribute to the
loss of insulin secretory function by islet cells. Many factors can en-
hance insulin resistance, including genetics, a sedentary lifestyle, obe-
sity, and other conditions, such as chronic inflammation or infection.
Increases in inflammation, such as activation of monocytes and in-
creased levels of inflammatory markers, e.g., C-reactive protein, plas-
minogen activator inhibitor-1, and other cytokines, were reported in
insulin-resistant states without diabetes. One possible mechanism is
that abnormal levels of metabolites, such as lipids, fatty acids, and var-
ious cytokines from the adipose tissue, activate monocytes and in-
crease the secretion of inflammatory cytokines, enhancing insulin
resistance. According to this model, obesity activates monocytes
and enhances insulin resistance, increasing the risk for type 2 diabe-
tes. Abnormalities in innate immunity might also participate in the de-
velopment of diabetic complications. In general, hyperglycemia is the
main initiator of diabetic retinopathy, nephropathy, and neuropathy,
and it participates in the development of diabetic cardiovascular dis-
eases. Although the precise role of inflammation in the development
of diabetic microvascular diseases is still unclear, it is likely that in-
flammation induced by diabetes and insulin resistance can accelerate
atherosclerosis in patients with diabetes. Also, it was shown that con-
ditions with an inflammatory basis, such as obesity and type 2 diabe-
tes, can contribute to periodontal disease, suggesting that periodontal
abnormalities may be partly influenced by inflammatory changes.
Further research is required to confirm the role of inflammation and
the onset of diabetes, microvascular diseases, and periodontal pathol-
ogies. J Periodontol 2008;79:1527-1534.
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iabetes is a growing con-
cern. Its incidence is in-
creasing rapidly and is

predicted to increase further, in
parallel with the trends observed
for obesity.!> The increasing
prevalence of diabetes represents
a significant burden to human
health because of its numerous
and often serious complications.
These include nephropathy, reti-
nopathy, neuropathy, cardiovas-
cular disease, and periodontitis.*
Diabetes also has an economic
cost, with total direct and indirect
medical costs already >$132 bil-
lion in the United States alone.”
Many factors are known to
contribute to the development of
diabetes and its complications.
These include genetics, diet, sed-
entary lifestyle, perinatal factors,
age, and obesity.® Nevertheless,
an inflammatory basis for diabe-
tes and its complications has
been gaining interest. Inflamma-
tory processes are associated
with type 1 and type 2 diabetes;
however, the distinct etiology of
the two types of diabetes suggests
that different causal mechanisms
are involved. Type 1 diabetes is
frequently found in childhood or
young adulthood and arises from
the autoimmune destruction of
the pancreatic islet cells leading
to loss of insulin production.’
Type 2 diabetes is the more com-
mon form and occurs mainly in
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adults, although the prevalence in younger people is
beginning to increase in conjunction with childhood
obesity.? Type 2 diabetes is characterized by an in-
crease in insulin resistance in conjunction with the in-
ability of pancreatic beta cells to secrete sufficient
insulin to compensate.?

Investigations into the role of inflammatory mecha-
nisms in diabetes and its complications are expected
to provide insight into the processes underlying the
onset and progression of the disease. Such improved
understanding of the inflammatory basis for diabetes
may prove valuable for introducing novel approaches
to treatment, alongside currently used non-pharma-
cologic and pharmacologic interventions.

INFLAMMATORY PROCESSES ARE ASSOCIATED
WITH PROGRESSION OF TYPE | DIABETES

Although there is some controversy surrounding the
precise role of inflammatory processes in type 1 dia-
betes, intriguing findings have emerged from studies
of C-reactive protein (CRP) levels, a measure of circu-
lating inflammatory biomarkers.” Although CRP con-
centrations in individuals with the new onset (within
days of diagnosis) of type 1 diabetes were similar to
those observed in healthy controls, levels in individ-
uals with long-term diabetes were significantly higher
(P=0.04).” These findings suggest that the inflamma-
tory process may play a greater role in the long-term
progression of type 1 diabetes than in its onset. The
strongest factor to support inflammation as being im-
portant in type 1 diabetes is in the area of complica-
tions. Increases in inflammatory and oxidative stress
markers are also found in conjunction with the devel-
opment of complications of diabetes, with increases in
plasma levels of CRP and in concentrations of soluble
vascular cell adhesion molecule-1 and nitrotyrosine in
patients with microvascular disease compared to
those without.® Increases in monocyte release of in-
terleukin (IL)-1B and superoxide anions were also re-
ported in patients with type 1 diabetes, suggesting the
elevations in inflammatory marker activity in micro-
vascular and cardiovascular diseases.®

INFLAMMATORY PROCESSES ARE ASSOCIATED
WITH DEVELOPMENT OF TYPE 2 DIABETES

Research has focused more on the role of inflamma-
tory processes in the development and progression
of type 2 diabetes than type 1 diabetes. Increases in
inflammatory markers are detected in apparently
healthy individuals who later go on to develop type
2 diabetes,?"!! suggesting that inflammation occurs
early during the period of impaired glucose tolerance,
prior to the diagnosis of type 2 diabetes. In adult
Pima Indians, a population characterized by a high
prevalence of type 2 diabetes, individuals with white
blood cell counts within the highest tertile were more
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likely to develop type 2 diabetes over the 20-year pe-
riod studied compared to those in the lowest tertile.®
Similarly, in a prospective, nested case-control study'©
of apparently healthy, middle-aged women in the
United States, inflammatory markers IL-6 and CRP
within the highest quartiles were associated with an
increased risk for developing type 2 diabetes over a
4-year period compared to those in the lowest quartile
(unadjusted relative risk [RR], 7.5; [95% confidence
interval (ClI): 3.7 to 15.4] for IL-6 and 15.7 [95%
CIL: 6.5 to 37.9] for CRP; P <0.001 for both). These
findings were mirrored in the Monitoring of Trends
and Determinants in Cardiovascular Diseases study
of healthy, middle-aged men, in which CRP concen-
trations in the highest quartile were associated with
an increased risk for developing type 2 diabetes over
the 7-year period studied (unadjusted RR, 2.84 [95%
CI 1.5 to 5.36]; P=0.003 for trend).!!

INFLAMMATORY PROCESSES CONTRIBUTE
TO INSULIN RESISTANCE IN TYPE 2 DIABETES

Insulin resistance begins prior to the onset of type 2
diabetes, at which time impaired glucose tolerance
occurs as a result of beta cell decomposition and
relative insulin deficiency. Several factors are linked
to the development of insulin resistance in individuals
with impaired glucose tolerance and type 2 diabetes,
including dgenetics and environmental influences,
obesity, and other conditions associated with chronic
inflammation or infection. The possibility that obesity,
and the activation of adipose tissue in particular, may
enhance the release of inflammatory factors that
underlie the development of insulin resistance has
generated intense interest in the field of diabetes for
a number of reasons. First, a significant proportion
of individuals with type 2 diabetes are overweight or
obese, and obesity is a risk factor for the development
of type 2 diabetes.? 12 Second, the increased release
of adipocyte-derived metabolites, such as lipids, fatty
acids, and various inflammatory cytokines, in obese
individuals has been linked to the development of in-
sulin resistance.!3 Third, chronic inflammation is as-
sociated with obesity, insulin resistance, and type 2
diabetes, all of which are features of the clustering
of metabolic pathologies known as “metabolic syn-
drome.”!4 It should be emphasized, however, that
despite interest in obesity as a predisposing factor
to insulin resistance in type 2 diabetes, other equally
important mechanisms for the loss of insulin sensitiv-
ity have been proposed. One study'® of young, lean
offspring of patients with type 2 diabetes demon-
strated similar body mass index measurements and
plasma concentrations of inflammatory markers tu-
mor necrosis factor-alpha (TNF-a), IL-6, and adipo-
nectin in insulin-resistant and insulin-sensitive
individuals. This suggested that obesity and systemic
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inflammatory factors do not play a significant role in
the development of insulin resistance in this popula-
tion; the loss of insulin sensitivity was ascribed to a
dysregulation of intramyocellular fatty acid metabo-
lism. Other studies®!® demonstrated a high risk for
type 2 diabetes in Asian subjects, despite low concen-
trations of CRP and other inflammatory markers com-
pared to other ethnic groups. Taken together, such
findings suggest that mechanisms in addition to obe-
sity and systemic inflammation are involved in predis-
posing individuals to insulin resistance and type 2
diabetes.

In the obesity-related model for the development
of insulin resistance, adipocytes, once activated, re-
lease abnormal levels of bioactive molecules, such
as lipids, fatty acids, monocyte chemoattractant
protein-1 (MCP-1), and various inflammatory cyto-
kines, e.g., CRP, plasminogen activator inhibitor-1,
and TNF-a.!3 The release of these cytokines and
other mediators results in the local recruitment of
monocytes within adipose tissues. With differentia-
tion of the monocytes into macrophages comes an
increasedrelease of inflammatory factors and chemo-
kines locally within adipose tissue and systemically,
such that the inflammatory response is propagated
to various tissues.!3

One of the earliest studies!” to link the release of in-
flammatory substances from adipose tissues to insu-
lin resistance in type 2 diabetes involved rodent
models of obesity and diabetes. In these mouse and
rat models, expression of TNF-a mRNA and protein
was induced locally within adipose tissue, as well as
systemically in the plasma. By inhibiting TNF-« ex-
pression in one of the rodent models (fa/fa) using a
recombinant TNF-a receptor-immunoglobulin G chi-
meric protein, insulin sensitivity improved, suggest-
ing a direct role for TNF-a in the development of
insulin resistance.!” Such increases in insulin sensi-
tivity with the use of a specific TNF-a inhibitor have
not been replicated in human clinical trials,!8 al-
though larger studies and large trial periods may be
needed to confirm the findings.!4

A mechanism has been proposed linking the ex-
pression of TNF-a and other inflammatory mediators
to the development of insulin resistance in obesity and
type 2 diabetes.!3 In this model, inflammatory cyto-
kines and/or bacterial lipopolysaccharide stimulate
I-kappa-B (IkB) kinase- (IKKB), and possibly IKKe,
to induce activation of nuclear factor-kappa B (NF-«B)
(Fig. 1). Other non-inflammatory cell/cytokine-medi-
ated agents also contribute to NF-kB activation, includ-
ing free fatty acids, obesity, hyperglycemia, protein
kinase C (PKC) activators, and oxidants. Following ac-
tivation, NF-«B translocates to the nucleus, resulting in
the subsequent transcription of genes that promotes
the development of insulin resistance.!3 Induction of
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target genes by NF-«B leads to the increased expres-
sion of inflammatory markers and mediators associ-
ated with insulin resistance and is associated with
the production of other factors, including receptors,
inflammatory mediators, chemokines, and transcrip-
tion factors; among other functions, these stimulate
recruitment of monocytes and their differentiation into
macrophages (Fig. 1).13

INHIBITION OF IKKB/NF-«B PATHWAY
IMPROVES OBESITY-RELATED INSULIN
SENSITIVITY

Several lines of evidence support the critical role of the
IKKB/NF-kB pathway in the development of insulin
resistance, including a study in an animal model!®
and a human clinical trial.2? The heterozygous dele-
tion of IKKB in an obese mouse model fed a high-fat
diet over 23 weeks postnatally conferred protection
from the development of insulin resistance, as mea-
sured by lower fasting insulin and glucose concen-
trations compared to normal/homozygous IKKp
controls.!? Additionally, in a clinical study?° of young,
obese, non-diabetic adults, treatment with salsalate, a
non-acetylated salicylate and known disruptor of the
IKKB/NF-kB pathway, improved insulin sensitivity
compared to placebo control. Salsalate treatment also
improved inflammatory markers in these patients, re-
sulting in a reduction in free fatty acids (P<0.05) and
increases in levels of the anti-inflammatory cytokine
adiponectin (P<0.01) and circulating concentrations
of CRP (P<0.05).20

ASSOCIATION BETWEEN INFLAMMATORY
PROCESSES AND COMPLICATIONS
OF DIABETES

Insulin resistance and insulin deficiency give rise to a
hyperglycemic state that is a major risk factor for the
development of diabetic complications. For example,
primary pulmonary disorder is rare in diabetes, al-
though the pulmonary tree is heavily vascularized
and exposed to all the systematic factors of diabetes.
Hyperglycemia is considered the key contributor to
microvascular complications, including retinopathy,
neuropathy, and nephropathy. It is also one of several
major risk factors associated with cardiovascular dis-
ease along with insulin resistance or deficiency, free
fatty acidemia, hypertension, hyperlipidemia, and in-
flammation. Periodontitis is commonly associated with
diabetes, as demonstrated by a 2.9-fold increase in
risk in individuals with poorly controlled glycemia;2!
however, the major risk factors contributing to its
development are unknown.

Hyperglycemia was shown to act deleteriously
through a number of pathways, including the aldose
reduction pathway, advanced glycation end product
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Activators of IKK/NF-«kB pathway inhibit insulin signaling. IKK = IkB kinase; IRS = insulin

receptor substrate.
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contribute to cellular dysfunction and
damage associated with micro- and
macrovascular complications.

The actions of inflammatory and oxi-
dant pathways at the local tissue level
are key to understanding their contri-
bution to the pathogenesis of diabetic
complications.?3> Evidence suggests
that increases in systemic markers of in-
flammation, such as CRP and IL-6, are
associated with complications such as
diabetic nephropathy?# in type 2 diabe-
tes. However, systemic inflammatory
factors are only weakly associated with
the development of diabetic retinopa-
thy,2526 and the relationship is uncer-
tain in other complications, such as
periodontal disease. Such studies un-
derscore the importance of investigating
local, downstream pathways and medi-
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Major pathways initiated by hyperglycemia that contribute to complications of diabetes.

Reprinted with permission from Blackwell Pub/lshing.22

(AGE) pathway, reactive oxygen intermediate path-
way, and PKC pathway (Fig. 2).22 All four pathways
give rise to oxidant and inflammatory mediators that
result in deleterious effects, both systemically and lo-
cally in the tissues. Activation of the pathways leads to
enhanced production of gluco-oxidants and AGEs, as
well as increased flux through the aldose reduction
pathway and activation of signaling cascades by me-
diators such as PKC, mitogen-activated protein ki-
nase (MAPK), and NF-kB.22 The effects include
altered gene expression and/or protein function that
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posed to high glucose levels.2” Several
processes may underlie the increased
formation of DAG, including the induc-
tion of oxidants, such as H,O», and the
accumulation in AGEs (Fig. 3A). Stim-
ulation of DAG synthesis activates PKC
isoforms, with PKC- considered to play a central role
in the development of complications in tissues such as
retina, kidney, heart, and the vasculature.?3:27 Activa-
tion of PKC in the vasculature has been associated
with processes including increases in basement
matrix protein synthesis, activation of leukocytes, en-
dothelial cell activation and proliferation, smooth
muscle cell contraction, endothelial permeability, ac-
tivation of cytokines, transforming growth factor-f
(TGF-B), vascular endothelial growth factor (VEGF),
endothelin, and angiogenesis.2’-2°



) Periodontol * August 2008 (Suppl.)

King

erglycemia
| ypergly e
Peicate Mfrees - Synlhesis of DAG - Endiiﬁzi{ﬂﬁgE)

Diacylglycerol (DAG

PKC-a, -B, and -8 Activation
4

MAP Kinase
PKC B Expression

{ 1
| Retina | | Kidney |

1
| Heart I ‘\Iasculamrel

!
Vision Loss l PVD
Dialysis/transplant CVDICAD Amputation

HYPERGLYCEMIA ]

PKC-a, -B, and -8
¥

1 oOxidases, MAPK, NF-xB/IxB
¥
Herormrs |

{

Proteinuria, Mesangium Expansion, Nephromegaly

Glomerularsclerosis
Diabetic Nephropathy

Figure 3.

B
II\éS
# Ins Receptor
/'Rgﬂ r She Grb-2
e (*)
PI3 K P85+ \PKC, MAPK lv
piio LG TR e
PE1K1 ET-1, Ang, MAPK
Inflammatory v
PKB/AKt Matrix, Migration,
1 eNOS, VEGF +  Cytokines, TNFa GROWTH OF
o SMOOTH MUSCLE
HO-1 vasedilation,
Anticaldant TGlucose, FFA CELLS
Antiapoptosis t . =
e — Insulin ATHEROGENESIS

A-rueé%gguesm Resistance & Diabetes

D [ HYPERGLYCEMIA |
PKC PKC
Inflammatory Cytokines, ey
1 PDGF — e
Leukocyte Adhesion
t 'i""‘ ———> [Endothelial Dysfunction |
|reF/f meT 1
I Pericyte Loss, Acellular Capillaries, Microaneurysms I
1 vascular Leakag e 1 veer
PKC
f Angiogenesis

Diabetic Macular Edema| [ Proliferative Diabetic Retinopathy |

A) PKC-B8 pathway to diabetic vascular complications. B) Selective local insulin resistance in cardiovascular tissues in combination with the activation of
PKC (especially the B isoform) and MAPK inhibits the anti-atherogenic pathway while enhancing proatherogenesis. C and D) Diabetic nephropathy
and retinopathy progress through a series of hyperglycemia-dependent pathways in which activation of PKC isoforms enhances activation and/or
production of intermediaries, resulting in pathologic changes. The precise role of inflammatory cytokines in the progression of retinopathy remains to be
determined. Ang = angiotensin; CAD = coronary artery disease; CTGF = connective tissue growth factor; CVD = cardiovascular disease; ET-1 =
endothelin-1; eNOS = endothelial nitric oxide synthase; FFA = free fatty acid; Grb-2 = growth factor receptor-bound protein 2; HO-1 =
heme-oxygenase-|; IkB = IkB kinase; INS/Ins = Insulin; IRS = insulin receptor substrate; MCT = mean circulation time; PDGF = platelet-derived growth
factor; PDK | = phosphoinositide-dependent kinase |; PI3 K P85 = phosphoinositide-3 kinase p85 expression; PKB = protein kinase B; PVD =
peripheral vascular disease; RBF = retinal blood flow; Shc = src homology domain c-terminal adaptor homolog.

Vascular complications arise from increased PKC
and MAPK activity in cardiovascular tissues in the
presence of selective insulin resistance.2327 Under
normal physiologic conditions, insulin interacts with
insulin receptors to stimulate two main pathways in
cardiovascular tissues: a phosphoinositide-3 kinase
(PI3K) pathway that inhibits atherogenesis and has
antiatherogenic effects and a MAPK-activated path-
way that promotes cellular growth and enhances ath-
erogenesis (Fig. 3B).2327 In the presence of insulin
resistance and diabetes, the increase in glucose and
free fatty acids leads to an increased release of inflam-
matory cytokines and altered regulation of PKC and
MAPK activity.?3?7 PKC inhibits the PI3K pathway
and results in enhanced atherogenesis through such
processes as a reduction in antiatherogenic nitric ox-
ide production and impaired endothelium-dependent
vasodilation. In addition, processes initiated by insulin
resistance and diabetes stimulate the MAPK pathway
to exert proatherogenic actions.

Several lines of evidence suggest that the selective
activation of PKC-f is also a likely mechanism for the

pathogenesis of microvascular complications in dia-
betes, including diabetic retinopathy and nephropathy
(Figs. 3C and 3D). In diabetic nephropathy, hypergly-
cemia is believed to induce damage by activation of
the PKC pathway, resulting in proteinuria, mesangium
expansion, and nephromegaly followed by glomeru-
larsclerosis. In retinopathy, PKC activation leads to
endothelial dysfunction, followed by pericyte loss, for-
mation of acellular capillaries, and microaneurysms.
Such pathologic changes in the retina lead to in-
creased vascularleakage and diabetic macularedema
(DME) orto increased VEGF and angiogenesis associ-
ated with proliferative diabetic retinopathy. Increased
VEGF expression is considered a major cause of dia-
betic proliferative disease3? and may contribute to
DME through the stimulation of PKC.

SELECTIVE INHIBITION OF PKC-$
AMELIORATES THE VASCULAR
COMPLICATIONS OF DIABETES

With findings that PKC-B may play a critical role in the
development of pathologies associated with insulin
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resistance and diabetes, there is increased interest in
the benefits of inhibiting PKC-8 to reduce harmful se-
quelae in micro- and macrovascular complications.
Studies?33! have focused on the orally administered
selective inhibitor of PKC-B, ruboxistaurin mesylate
(RBX; LY333531). RBX s currently in Phase II/Ill clin-
ical trials for the treatment of diabetic retinopathy,
neuropathy, and nephropathy.23

Preliminary evidence demonstrated that RBX may
be effective in preventing some of the vascular abnor-
malities associated with cardiovasculopathies in ani-
mal models. In an early study,32 RBX decreased the
mitogenic activity of VEGF by selectively inhibiting
PKC-B in endothelial cells from bovine aorta.

Evidence suggests that the inhibition of PKC by
RBX prevents the progression of diabetic nephropa-
thy, including the inhibition of mesangial expansion
in a diabetic (db/db) rodent model of type 2 diabe-
tes.33 Although the administration of RBX (10 mg/
kg body weight/day) for 16 weeks to db/db mice
had no effect on blood glucose levels, body weight,
or kidney weight compared to untreated controls,
the treatment did result in inhibition of glomerular
PKC-B activation and mesangial expansion and a re-
duction in urinary albumin excretion rates.33 More re-
cently, RBX treatment (32 mg/day) in adults with type
2 diabetes for 1 year maintained estimated glomerular
filtration rat (—2.5 + 1.9 ml/minute per 1.73 m?; P=
0.185), whereas it was significantly reduced in the
placebo group (4.8 + 1.89 ml/minute per 1.73 m?;
P = 0.009).34 Because these subjects were already
treated with stable doses of an angiotensin-converting
enzyme inhibitor and/or angiotensin receptor blocker,
the findings suggested that inhibition of PKC through
RBX treatment acts through a distinct pathway offer-
ing additional benefits to traditional therapies for dia-
betic nephropathy.

In diabetic retinopathy, treatment with RBX in-
hibited the progression of DME as well as reduced
visual loss in clinical studies.35-3% In a 3-year, random-
ized controlled study> of 685 subjects with type 1 or
type 2 diabetes attending 70 clinics, oral treatment
with RBX (32 mg/day) was investigated in patients
with moderately severe to very severe non-prolifera-
tive retinopathy. Administration of RBX was associ-
ated with a 40% reduction in the prevalence of
sustained moderate visual loss (sustained from
months 30 to 36 of study; 9.1% versus 5.5% in pla-
cebo- and RBX-treated subjects, respectively; P =
0.034). There was also a two-fold increase in the
baseline-to-endpoint visual improvement of >15 let-
ters (P = 0.005) and inhibition of the progression of
clinically significant macular edema (P =0.003) com-
pared to placebo control.?®> A 30-month follow-up
study of subjects with DME demonstrated that daily
oral administration of RBX, 32 mg, reduced the pro-
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gression of DME to a sight-threatening stage com-
pared to placebo (P=0.054).36

ARE PERIODONTAL PATHOLOGIES OF
DIABETES MICRO- OR MACROVASCULAR
COMPLICATIONS?

Diabetic complications are usually separated into
micro- or macrovascular diseases because they differ
in some of the risk factors. Some of the metabolic ab-
normalities, such as lipids, fatty acids, and insulin re-
sistance, may be present in obesity and diabetes,
whereas hyperglycemia is only present in diabetes.
Therefore, the development of the diabetic compli-
cations involving cardiovascular or macrovascular
diseases are associated with all of the risk factors
stated above. However, hyperglycemia is essential
for the development of diabetic microvascular dis-
eases but not for cardiovascular complications. This
conclusion is derived from the clinical observations
that, without hyperglycemia, such as in obese or insu-
lin-resistant people without diabetes, classic lesions
of diabetic retinopathy or nephropathy are generally
not found. Multiple studies,37-39 including those of
Dr. Robert Genco, suggested that the increased risk
for periodontal disease exists in patients with obesity
without diabetes. These findings suggested that peri-
odontal disease associated with diabetes may be
more related to macrovascular complications of
diabetes. This separation could be potentially impor-
tant for understanding the mechanism of diabetic
periodontal disease. Several mechanisms related
to diabetic complications could be applicable to
micro- and macrovascular diseases of diabetes.
These mechanisms include the following: increases
in oxidative stress, inflammation, AGE formation,
and activation of several signaling pathways involving
PKC, MAPK, and others.

In this issue, the role of inflammation and oxidative
stress in causing periodontal disease has been re-
viewed by other authors and, therefore, will not be done
here. Increases in oxidative stress and inflammatory
factors have been clearly identified and shown in sub-
jects with obesity and insulin resistance with or without
diabetes. Therefore, it is very likely that similar factors,
which cause increases in inflammatory molecules and
oxidative stress in obese and insulin-resistant states,
such as increased fatty acids, could also be causing
problems in the periodontal tissue. Furthermore, when
diabetes occurs, hyperglycemia would be an additional
risk factor that induces oxidative stress and inflamma-
tion to accelerate dysfunctions in periodontal tissue,
which are already present because of obesity or insulin
resistance. One example of the specific adverse effects
of hyperglycemia, which is not present in insulin-resis-
tant and obese subijects, is its inhibitory effect on neu-
trophils to resolve infection. Increases in susceptibility
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to infection could accelerate the destruction of peri-
odontal tissues. Clearly, studies are needed to clarify
the role of hyperglycemia and other metabolic factors,
such as lipids, fatty acids, and the role of insulin resis-
tance, in periodontal tissue metabolism and function.
Itis very likely that those metabolic changes and insu-
lin actions play an important role in the function and
survival of gingiva. In addition, it is also possible that
periodontal disease could be a manifestation of an
important syndrome, the metabolic syndrome, which
manifests multiple metabolic abnormalities that may
or may not include diabetes but is strongly associated
with insulin resistance. Therefore, it is possible that
periodontal disease could be a marker for metabolic
syndrome. Reciprocally, it is also possible that people
with metabolic syndrome may have an increased risk
for the development of periodontal disease. In the screen-
ing of patients with metabolic syndrome, data need to be
gathered to determine whether the evaluation of peri-
odontal disease should be included.

CONCLUSIONS

Diabetes and its complications are a growing concern,
given the increases in its worldwide prevalence and
its association with obesity. Inflammatory processes
are implicated in the onset of diabetes and the pro-
gression of complications. Adiposity, and in particu-
lar the release of inflammatory cytokines and other
mediators from adipose cells, is associated with the de-
velopment of insulin resistance in type 2 diabetes, par-
tially through activation of the NF-«kB pathway. Other
factors that activate the NF-kB pathway and are asso-
ciated with the development of insulin resistance in-
clude obesity and a high-fat diet, hyperglycemia,
PKC activation, and oxidative stress. Hyperglycemia
is the major risk factor for the development of micro-
vascular diabetic complications, such as retinopathy,
neuropathy, and nephropathy. Diabetic cardiovas-
culopathy has a combination of risk factors, including
insulin resistance, free fatty acidemia, hypertension,
hyperlipidemia, and inflammation. Although evidence
suggests that periodontal disease is associated with in-
creases in inflammatory markers, the major risk fac-
tors for its development in diabetes are still unclear.
It is important to clarify whether the causes of peri-
odontal disease associated with diabetes are similar
to micro- or macrovascular diseases, because the
treatment may be different. A well-described pathway
underlying the development of diabetic vascular com-
plications is via activation of PKC isoforms, PKC-8 in
particular. At the level of individual tissues, activation
of PKC-B is associated with the development and/or
progression of microvascular and macrovascular
complications. Administration of the oral agent RBX
to selectively inhibit PKC-B activation ameliorated
the vascular complications of diabetes. It is a novel

therapy that potentially could be used in conjunction
with established agents for diabetic complications.
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