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The Immune System™?
F nflammation consists of bicchemi-
cal and cellular processes initiated by
i tissue irritation, injury, or infection.
| Mearby capillaries, soluble proteins
= and inflammatory cells respond to
chemical signaling and edema results.
Inflammatory cells are attractad from
nearby tissues and blood. Complex cas-
cades begin that are aimed at facilitating
the destruction and removal of foreign
organisms, removal and replacement of
necrotic cells and damaged structural

components, all aimed at the eventual res-

toration of tissue homeostasis and health,
Inflammation alse activates other
components of the immune system and
may provide functional capabilities for
these systems. Indeed, many of the more
primitive mechanisms of the inflammatory
response, such as lytic prateing collectively
named complement, are tools that are used
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assTracT Endogenouschemical mediators play seminal roles in the initiation,
persistence, and resolution of inflammation Recent studies have revealed parallels
between inflammatory mediators and mechanisms common to oral and systemic
diseases. These relationships imply that novel therapeutics that profoundly modulate
inflammatory mediators may improve clinical outcomes. Key source for this article

is a 2008 conference reported in a Journal of Periodontology supplement titled
Proceedings of the 2008 Workshaop on Inflammation; Inflammation and Periodontal

by more targeted immune mechanisms
that developed later in evalution. Unfortu-
nately, some of these tools, although vsu-
ally adeguate to the task at hand, are often
not ideal. Many aspects of inflammation
are nonspecific in their actons and can
damage or destroy important host tissues
while attempting to restore homeostags.
Examples include the periodontal ligament
in periodontitis, and joint components
in theumatic arthritis. Furthermore,
inflammation may never fully succeed
at restoring tissue health/homeostasis
and chronic inflammation may result.

Ta better understand the context
for inflammation as part of the immune
system, it’s important to recall a basic
understanding of entire immune system
itself. Therefore, two general divisions
of the immune system will be described,
namely the innate, or nonspecific, and
adaptive, or specific, components,
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The innate immune syster consists
of evolutionary older mechanisms that
respend locally and immediately to
infection or trauma. A key feature of the
innate immune system feature is comple-
ment, The soluble protein components of
complement circulate in the serum and
may be activated by numerous pathways.
Bacteria themselves can directly activate

the complement. When activated, comple-
ment proteins self-assemble into pore-like

tubular structures that can penetrate bac-
terial membranes causing them to perish.

Although bacteria themselves can activate

the complement, the cemplement is also
an important example of an innate capa-
bility that can be activated or amplified
by other immune system components.

Using chemical signals called cytokines,

tivates complement, facilitates the remaoval
of foreign substances, and activates the
adaptive immune system. Phagocytic im-

and marrophages release cytokines termed

cdluding the clearing of pathogens or mark-
ing them for destruction by other cells.
The adaptive immune system ampli-
fies the capabilities of the innate immune
system becauge it is able to distinguish
between host and foreign substances. This
system is highly adaptable because of an

permits a small number of genes to gerer-
ate a vast number of different antigen
receptors, each of which is uniquely ex-
pressed on individual lymphocytes. When
challenged by a specific antigen, such

ymphocytes are activated. However, there

are functionally and anatomically distinct
T-lymphocyte (T-cell) and B-lymphocyte
(B-cell) systems. B-cells originate in bone
marrow, inhabit the spleen, and circu-
late in the blood. T-cells originate in the
thymus and reside in the lymph nodes.
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the innate system recruits immune cells, ac-

rune celle such as neutvophils, monocytes,

interleukins that in twrn play other roles in-

exquisitely refined genetic mechanism that

B-cells produce antibodies and remain
guiescent until becoming fully activated
by a specific antigen whose molecular
structure docks with a unique antigen
receptor complex on the B-cell surface.

Cmnce a B-cell encounters its match-
ing antigen and receives an additional
signal from a T-helper cell, it can further
differentiate into a plasma B-cell ora
memory B-cell. The former produces
prodigious amounts of antibodies that
quickly bind to invading cells that display
a matching antigen and thereby facilitate

WHEN ACTIVATED,
complement proteins
self-assemble into
pore-like tubular structures
that can penetrate bacterial
membranes causing
them to perish.

their elimination via a number of mecha-
nisms, including facilitated phagocytosis
and complement-mediated lysis. Memory
B-cells are long-lived and function as
prompt-responders to assure a quick

and overwhelming antibody response
should the same antigen be detected
again. Most vaccines take advantage

of this aspect of B-lymphocytes,

Unlike B-cells, T-cells fail to recognize
antigen in the absence of a formalized
antigen presentaticn, with the important
exception of superantigens that can trig-
ger a T-cell response much more divectly,
(Many bacteria produce superantigens,
including the normally nonoral Staphyplo-
coccus aureus and Streptococcus pyogenes.
Superantigens may cause serious acute
and chronic diseases including toxic shock
syndrome, rheumatoid arthritis, diabe-
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tes and several types of skin disorders.)

T-cells are move typically activated by the

presentation of a processed antigen.
Although many cell types can present

antigens, dermal dendritic cells, certain !

B-cells, and macrophages play key roles.

Dendritic cells are commonly found in the

epithelium, including the oral mucosa,

Presentation cells process antigenic

proteins and present peptides to T-cells

residing in nearby lymph nodes. When a 1

proper match is made, T-cells proliferate |

and attack invaders that display the spe-

cific antigenic peptides on their cell mem-

branes. Unfortunately, this exquisite sys-

tern is not always perfect. This is because

processed antigens similar to proteins

displayed by a host’s cells are thought

responsible for many autelmmune

diseazes (e.g., rtheumatic heart disease).

Genes, Epigenetics and
Gene-Environment Interactions
in Inflammation and Disease
Genes, also known as alleles, func-
tion as the primary blueprints for
proteins responsible for the anatomy
and functionality of each crganism. 4
The 30,000 human genes consist of
deoxyribonucleic acid (DNA) palymers.
DMA molecules contain three-unit
nucleotide sequences that code for
the 20 amino acids used to produce all
human proteins. Only a small fraction
of each DNA molecule is known o
contain genes, the remainder appears
to have other physiological functions ‘
that are as yet not well understood.
Human DNA’ fconic double helix
is usually coiled around protein com-
plexes called histones, DNA-histone
complexes form chromatin packaged
fnto 23 pairs of chromosomes, The genes
themselves, epigenetic factors, and
gene-environment interactions all have
roles in inflammation and disease.
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FIGURE 1. The spigancms changes inrasponse b varicus envisonmental stimull. Smoking, illnesses, deugs, diet, age, and inuters rutrition may afect the epigenstic sigrature ko
varyirg degrees at different points in development. Induced epigenetic madificatiom may be passed on to subsequent cell gararaticns with potentially detrimental effects. Reprinted
withpesmission {rom the American Acadamy of Periadantology 731517 2008

Gene-Caused Diseases

There are dozens of gene-caused
disorders such as hemophilia A and sickle
cell anemia. The latter is a gene-caused
disease that results from a single nucle-
otide variation that appears in certain
individuals in whom the amino acid valine
replaces plutamalte ina component of
hemoglobin. Individuals who inherit this
genetic variation from both parents lead
shorter lives and are prong to serious
vascular problems when their red blood
cells assume sickle shapes. However,
consistent with evolutionary pressures
that affect hurnan penes, children whe
inherit the variant allele from only one
parent are substantially less likely to incur
life-threatening malarial infections.*

Epigenetics and Disease

Every cell with a nucleus contains all
of an organism’s genes, However, for cells
to specialize as nerve cells, epithslial cells,
muscle cells, etc,, gene activity must be
regulated. Epigenetics considered certain
types of chemiral modifications relevant

to how penes are activated ® What this
means is that every human cell has the
same instruction manual, but different
cell types are using different “chapters.”
For example, the secretory cells in the pa-
rotid gland contain the DA instructions
necessary to make bone, but for these
cells and most others, the “bone genes”
are turned off. Epigenetic changes are pre-
served when cells divide but most epige-
netic changes only eccur within the course
of an individual organism’s lifetime.”

New evidence sugpests key roles
for epigenetics in human pathologies,
including inflammatory and neoplastic
disorders. The epigenome is influenced
by environmental factors throughout life.
Mutritional factors can have profound epi-
genetic effects on the expression of spe-
cific genes and these traits can be passed
on to subsequent generations of cells.
Some cancers are associated with altered
epigenetic profiles that lead to altered ex
pression of genes invalved in cell growth
or differentiation. Epigenetic changes are
necessary for the inactivation of one of
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the two X chromosomes in females and
the monoalleic expression of certain regu-
latory genes (e.g., insulin growth factor-z
expressed from the paternal gene only).
Epigenetic changes are likely causes
of the increased frequency of autoim-
mune and neoplastic with increasing
age. Indeed, studies in aging monoczy-
gotic twins reveal increasing epigenetic
differences apparently resulting from
environmental infAuences iFreure 1),
Acetylation of histone proteins and
methylation of DNA are two central
epigenetic mechanisms, The former
relaxes histone structures Thereb}r
encouraging gene expression by mak-
ing the DNA more accessible for gene
transcription. On the other hand, DRA
methylation inhibits transcription.
Although epigenetics is an emerging
field of study in inflammation research,
some activities have been identified.
Experiments examined the gene-
specific control of lipopolysaccharide
(LP5) -induced tolerance by chromatin.”
{Many bacterial species associated with
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periodontitis produce LPS.) Although
macrophages responded to LPS stimula-
tion, they become hyporesponsive upon
repeat LPS stimulation. Two distinet
chromosomal modifications
occurred during this hyporesponsive
state. A group of genes responsible for
inflammatory molecule production

{2.g., TNFe and IL-6) was transiently

patterns of

silenced {i.e.. tolerized). A second
group of genes that includes various
anti-microbial capabilities remained
nontolerized. Of note is that toleriza-
tion seems to limit additional pathology
associated with excessive inflammation,
whereas nontolerized genes continue

4] Prl?l"i-:ll & anti-microbial ENZVINEes

that can do more harm than good.

Gene-Environmental Interactions
This sectiom will discuss the ef
fects of the environment on genetic

expression relevant to maladies linked

i) I.ITHI inﬂ.‘nr.l'.r:?'i.'n'. “'I.L'IIT!Fl‘J' [:y'l_'llc_"
2 diabetes, cardiovascular diseases,
mdrome, Met5.

Mumerois studies have shown that

and metabolic sy
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betes has suggested that many genes play
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This study was
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Control

Distribution of cases with corcnas yinfarct and cantrol subjects by GPS The subjects with cormnary infarct [red line| had a GPS distribution that skewed toward the hi igher
ulot et al, ™ Reprimted with pevrmiission fronm the Amenican Acader iy

revealed that a diet .'||3:;h ifi |:'..1nl foods,
olive oil, and moderate wine intake
(but low in meat and dairy products)

was cardioprotective even in individu
als with high GPS scoves (rigune 2).
MetS is a constellation of abnor
malities, generally considered to include
abdominal obesity, high blood glucose/
impaired glucose tolerance, dyslipidemia,
and high blood pressure, Together theze

risk for Eype 2 dizh

increase the A
and cardiovascular disease. A prowing
bady of evidence from experimental
and epidemiologic studies suggests that

xus of all these abnormalities is a

proinflammatery state, The hypothesis
that chronic low-level infammation
underlies the pathophysology of MetS
is supported by the finding that as the
characteristics of MetS5 rise in a popu-
lation, ]\Z.l:—c:n.s concentralions (I!.]:'!f.l
inflammatory markers, high sensitivity
C-reactive protein (CRP) and IL-6, also
increase, as the concentration of adi-
_|_."l"l|'ll'\.'r'll'l l-l'l'l .\_'Il\.-lll__!i':u":.-'rE'-I"II:""I\"I"{‘I 'I'.':I:'” 21n
irnportant in glucose regulation and
fattv acid (FA) catabolism) decreases
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A number of gene-environmental
interactions have been surmised from
an ongoing study that examines how
gene-environmental interactions influ-
ence susceptibility to MetS. Known as
the Genetics of Lipid Lowering Dirugs
and Diet Network (GOLDN) study, it
aims to characterize the genetic bases
for the variable response of triglycer-
ides (T'G) levels following two dietary
challenges, one that acutely raises TG
via a fat-laden diet versus lowered
TG resulting from fenofibrate admin-
istration.” Twelve hundred geneti-
cally homogeneous subjects with and
without MetS were compared:

| Waist circumference, saturated
fatty acid levels in erythrocyte cell
membranes, levels of CRP, IL-6 and
TMEe=e were all higher in subjects with
Met5. Levels of polyunsaturated fatty
acids (PUFA) were lower.

B Mot only was MetS associated
with higher levels of H.-:ﬁ, but the risk
for MetS was also associated with several
genetic variants of the genes that encode
IL-1f.

® [ light of the above, investigators
wandered if diet could counter increased
risks among those with differing alleles.
Data indieated that diets high in certain
forms of PUFA could do just that.™

Other reports derived from the
GOLDN data investigated the effects of
TG-lowering fenofibrate treatment on
risk Gactors for cardiovascular diseases.
Fenofibrate {eg, brand-name pharmaceu-
ticals Antara, Fenoglide, Lipofen, Loh-
bra, TriCor, Trighide) lowers serum lipid
levels and targets the atherogenic “lipid
triad” (high serum TGs, low high-density
lipoprotein levels with small and dense
low-density lipoprotein particles) and
inflammation. Because both phenotypes
are important components of diabetes
and Met5 that potentially link these

metabolic disorders to cardiovascular
disease, fibrates were hypothesized to
be therapies that might reduce cardio-
vascular disease risk in these patients,
Unfortunately, the study results were
mixed. Some individuals with certain
CRP alleles rezponded well. (CEFs rale in
atheropenesis, independent of lipid-based
risk factors has been associated with mul-
tiple risk factors for cardiovascular disease
including obesity, insulin resistance, and
high blood pressure, and is a predictor of
Met3. ") These data sugpgest that resistance

ALTHOUGH INCOMPLETE,
research encouragingly
indicates that genetic
predisposition to Met5
and other disorders can be
substantially decreased
via dietary changes.

Lo the anti-inflamematory drug fenofbrate
depends on variable CRP penetic expres-
sion arnong MetS subjects. Similar to CRP
expression, differences in alleles associ-
ated with proinflarmmataory [L-6 gene
appear responsible for modulating serum
levels of 1L-6 and also modulate various
gerum lipid levels associated with MetS.
Another aspect of lipid metabalism
is that the perilipin proteins coating
intracellular lipid droplets in fat cells
have numerous allelic variants that ap-
pear to play roles in lipid metabolism,
These have been linked to postprandial
TG levels, body weight, obesity, risk for
Met5, and serum inflammatory levels,
Although incomplete, research encour-
agingly indicates that genetic predisposition
to Met5 and other disorders can be substan-
tially decreased via dietary changes.
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Cytokines in Periodontal Tissue
Dastruction'>"

Between the initial infection and the
tissue destruction characterizing perio-
dontitis is the production of numerous
cytokines that mediate inflammatery
mechanisms. Cytokines are function-
ally subdivided into chemokines, innate
imrnune cytokines, and acquired immune
cytokines. Animal experiments have
suggested roles for all in pericdontitis,

Chemokines are chemotactic cytokines,
such as interleukin-8, monocyte chemo-
attractant protein-1, and macrophage
inflarnmatory protein-1. Chemokines
are produced by cells normally present
noninflamed tissue and recruit leuko-
cytes and modulate osteoclast formation.
Mumerous cell types in the periodontium
produce chemokines, including fibroblasts,
endathelial cells, macrophages, osteoclasts,
epithelial cells, neutrophils, monocytes,
lymphocytes, and mast cells. Some atimu-
late astenclast formation and survival.

Meutrophils, monocytes, and other
cells produce innate immune cytok
ines such as IL-1, ILA, IL-11 and THFee
after being summoned to the site of
injury or infection by the chemokines.

Experimental suppression of [L-1 ap-
pears to slow periodontal destruction; [L-6
appears pro-destructive; [L-11 appears pro-
tective, THFes spurs osteoclast formation
and accelerates periodontal breakdown as
experiments in a murine model infected
with perindontal pathogen Agpregatibarter
acitomycetemcomitans (Aa) have shown,
Indeed, greater numbers of Aa were
aohserved in test mice genetically modified
to decrease THFee reactivity. However,
despite higher bacterial levels, lower levels
of bone-resorption-inducing cytokines
wera detected compared with control mice,

Acquired immune cytokines are pro-
duced by antipen-activated T- and B-cells
ag described above. They include IL-1,

acpiizara (281
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[L.-65 aried THFe< in addition to IL-17 and
nuclear factor-kappa B ligand (RANKL).
|L-1 and IL-6 play roles in bone resorp-
tion via stimulation of RANKL, although
lymphocytes also secrete numerous
osteoclast-formation inhibitors such as
osteoprotegerin (OPG), 1L-4, [Lio, IL-13
and interferon. RANEL, which binds to
RANE, is one of the most potent induc-
ers of osteoclast formation and activ-
ity. OPG binds to RANKL and inhibits
osteoclast activities, It seems clear that
various imrmune cytokines can inhibit
or enhance periodontal destruction,
Cytokines, such as [L-1, are also
involved in a phenomenon termed bone
decoupling, Bone decoupling is the unbal-
ancing of osteoblastic bone formation with
ostecclastic bone destruction as is seen in
the bene loss that characterizes periodon-
titis, Experiments in diabetic mice have
suggested that THF= plays a role in induc-
ing an increased morbidity among osteo-
blasts that may lead to decoupling,” Similar
evidence in primates has been reported, ™
Multiple lines of evidance clearly
indicate that increases in RANKL produc-
tion raize the RAMKL/CQPG ratio and
stimulate the differentiation maturation
and longevity of asteaclasts leading to net
bone loss, On.the ather hand, lowering
of the ratio by either reducing RANKL
or increasing OPG results in osteoclast
apoptosis and is thereby osteoprotective,
Historically, periodontal practitioners
have focused almost entirely on mitigating
the bacterial etiologies of perindontitis.
Although such tactics remain reasonable,
it seems that reduction of inflammation
and attenuation of the host's immune
reaction to the microbial plague, leading
to a decrease in the ratio of RANEL o
OPG resulting in a decrease in bone loss
would be clinically useful as well. Future
periodontal therapeutic tactics may di-
rectly target the RANK/RANKL/OPG axis.

T

The Relationship of Inflammation to
Important Systemic Diseases That may
be Associated With Chronic Periodontitis

Diaberes™

Diabetes is a serious health care con-
cern, [ts worldwide incidence iz predicted
to increase in concert with increased prev-
alence of obesity, Diabetes iz a major indi-
vidual and public health burden because
of its serious microvascular sequelae.
These include nephropathy, retinopathy,
neuropathy, cardiovascular disease, and

THESE FINDINGS
suggest that inflammatory
processes may play
agreaterrole in the
long-term progression
of type 1diabetes than
inits onset.

periodontitis. Total annual costs excesd
$132 billion in the United States alone.
Many factors, such as genetics, diet,
sedentary lifestyle, the perinatal environ-
ment, age, and obesity are associated with
diabetes, Nevertheless, an inflammatory
basis for diabetes and its complications is
gaining traction. Inflarmmation is associ-
ated with both type 1 and type 2 diabetes,
Type 1 diabetes is typically found in
adolescents and young adults and arizses
from the autoimmune destruction of
pancreatic islet eells that produce insulin.
The increasingly common type 2 diabe-
tes occurs mainly in adults, although
its prevalence among young people is
increasing in comcert with childhood obe-
slty rates, Type 2 diabetes is characterized
by increased cellular nonresponsiveness
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to insulin {known as insulin resistance)
that overwhelms the ability of pancreatic
beta cells to secrete sufficient insulin.

Although there iz controversy sur-
rounding the precise role of inflammarory
processes in type 1 diabetes, intriguing
findings have emerged from studies of the
inflammatory bicmarker, CRP. Although
CRP concentrations in individuals with
the new onset (within days of diagnosis)
of type 1 diabetes were similar to those
observed in healthy controls, levels in
individuals with long-term type 1 diabetes
were significantly higher (P=0.04).

These findings suggest that inflam-
matory processes may play a greater role
in the long-term progression of type 1
diabetes than in its onset. To wit, increases
in inflammatory markers are observed in
conjunction with the complications of type
1 diabetes. For example, increases in circu-
lating levels of CRP soluble vascular cell ad-
hesion molecule-1, and nitrotyrosine were
seen in patients with microvascular disease
compared to those without diabetes ™ In-
creases in monocyte releaze of interleukin
(1L3-1P and supercxide anions were also
reported in patients with type 1 diabetes,

Type 2 Diabetes

Increases in inflammatory markers have
appeared in apparently healthy individu-
als who later developed type 2 diabetes
This suggests that inflammation ramps up
early in the disease process. For example,
n adult Pima Indians (epigenetically prone
to type 2 diabetes), individuals with higher
white biood cell (WBC) counts (an indicatar
of greater inflammation), were more likely
to develop type 2 diabetes aver a zo-year
period compared with those who had lower
WBC counts. Similarly, in a prospective
study of apparently healthy, middie-aged
women, inflammatery markers [L-6 and
CRP were associated with an increased
risk for developing type 2 diabetes over a

#
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FIGURE 3. Major pattways initiated by hyperglycemia that contribute to complications of diabetes. Reprinted wich permission from Biaccesell Pubilishing

four-vear period. These findings are similar
those seen in healthy, middle-aged men.
Type 2 diabetes is inked to obesity,
Obesity and MetS have been linked o
higher levels of inflammatory mark-
ers as discussed earlier. However, other
data indicate that type 2 diabetes may
develop in some independent of such
associations. Nevertheless, evidence from
both animal and human studies suggest
possible roles for THFs=, other inflam-
' matory mediators, circulating markers
of obesity (free fatty acids), bacterial
lipopolysaccharides, protein kinases and/
or oxadants in the development of insulin
resistance in obesity and type 2 diabetes.
In this model, nuclear factor-kappa B
is activated by these mediators and results
in the transcription of genes that promote
insulin resistance and the production of
even more inflammatory markers. Fur-

thermore, both animal and human trials
have shown that pharmacological disrup-
tion of this pathway improves insulin sen-
sitivity and lowers inflammatery load.
The hyperglycemia that characterizes
poorly controlled diabetes is considered a
major risk factor for the development of
diabetic complications including cardio-
vascular disease. Figure 1 schematically
represents pathways and mechanisms.
The actions of inflammatory pathways
at the local tissue level are key to under-
standing their contribution to the patho-
genesis of diabetic complicarions. Evi-
dence suggests that increases in systemic
markers of inflammation, such as CRP and
IL-6, are associated with complications
such as diabetic nephropathy. However,
systemic inflarnmatory factors are only
weakly associated with the development
of diabetic retinopathy, and the relation-
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ship remains unclear for periodontitis.
Az noted in migune 3, altered gene ex-
pression and altered protein function are
thought to play roles at local levels where
diabetic complications are manifested.
Among numerous other cytokines, kinase
beta (PKCP) is thought to play a key role
in microvascular complications. The prom-
ising drug ruboxistaurin may inhibit this
pathway and is in human dinical trials.
Although the most widely studied dia-
betic complications share a microvascular
component adversely affected by hyper-
glycemia, periodontitis may be different.
Indirect evidence linking periodontitis
to obesity among individuals who are
nondiabetic supports this distinction.
Mevertheless, it's not unlikely that obe-
sity and insulin resistance enhance perio-
dontitis risk and that hyperglycernia of
diabetes worsens periodontitis. Additional
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IMELAMMATION

studies that tease out the relative contribu-
tions of the proinflammatory effects of obe-
sity alone versus the effects of insulin resis-
tance and hyperglycemia would be helpful
to better understand these relationships.

Inflammation and Alzheimer's Disegse™
Alzheimer's dizease is the most com-
maon cause of progreasive intellectual
failure and a major cause of dementia. As
demographics in the developed world shift
toward more aged populations, Alzheim-
er's may become even more prevalent. The
classic pathologic hallmarks of Alzheimer's
are two; firamyloid plaques and the neu-
rofibrillary tangles. In an Alzheimer’s pa-
tient, these are profusely distributed in the
frontal neocortex and limbic system. These
brain regions are associated with the high-
er mental functions that Alzheimer’s im-
pairs, Furthermare, a recently recopnized
aspect of Alzheimer's pathology is inflam-
mation, specifically, an innate inflamma-
tory responae that may reflect attempts to
remove armyloid deposits from the brain.
In recent years, numerous innate in-
flammatory mediators have been reported
to be upregulated in pathelogically vulner-
able regions of the brain in Alzheimer's
disease. These data led to a re-examination
of the dogma.pf brain immunologic privi-
lege and new studies that examined the
roles of the innate inflammatory response
in a murnber of other neurologic disorders,
particularly Parkinsen's disease and hu-
man immunodeficiency virus dementia.
Discoveries about neurcinflam-
mation are beginning to move to the
clinic. More than 20 epidemiologic
surveys have demonstrated that com-
mon nonsteroidal anti-infammatory
drugs (MSAIDS) may protect against the
development of Alzheimer's. By contrast,
anti-inflammatory treatment trials for
existing Alzheimer's have typically shown
little to no effect on halting or reversing
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the disorder, although the drugs tested
have often not been those suggested by
epidemniological or other scientific results.
The extensive literature on innate in-
Hammation and neurclogic disease aside,
key questions remain. First, are innate
inflammatory responses a cause of nearo-
logic disease or merely an effect? Second,
can anti-inflammatory agents effectively
treat existing neurologic disease, oris a
protective strategy in high-risk patients
the only reasonable option? Third, wheth-
er for protection or treatment, what is the
best choice of anti-inflammatory agent?

ALZHEIMER'S DISEASE
has not been associated
with serum levels
of proinflammatary
mediators or with
chronic periodontitis.

Of interest to dental practitioners,
Alzheimer's disease has not been associated
with serum levels of proinflammatory
mediators or with chronic periodontitis,

Inflammation, C-reactive Protein, and
Atherosclerosis™

Cardiovascular events, such as myo-
cardial infarction and stroke, remain
leading causes of morbidity and death
in the United States. Evidence sug-
gesting etiologic links between chronic
periodontitis and cardiovascular disease
exists. Data derived from a meta-anal-
ysis of five prospective cohort studies,
five case-control studies, and five cross-
sectional studies suggested a positive
correlation between periodontitis and
coronary heart disease.” After adjusting
for risk factors, such as smoking, dia-
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betes, alcohol intake, obesity, and bload
pressure, subjects with periodontitis
had a 1.14- to 1.59-fold greater risk for
developing coronary heart diseaze com-
pared to those without periodontitis,

Although the mechanisms under-
Iying this association are not clearly
understood, it was reported that cer-
Lain colonizers of perindontal pockets
(Aggregatibacter getinomypcetemcanitans
and Porphyromonas gingivalis} have been
detected in atherosclerotic plagues
These pathogens produce lipopolysac
charides, that, in turn, induce mac-
rophages to secrete cytokines (interleukin
[1L}-10t and -1 and tumor necrosis
factor [TNF]) that can play important
roles in atherothrombogenesis.

Elevated cell- and cytokine-mediated
markers of inlammation, including
CRP, fibrinogen, and various cytokines,
are associated with periodontitis.* The
same elevated proinflanmmatory fac-
tors in periodentitis have also been
linked with atherathrombogenesis.

The connection between vascular
events and periodontitis is also sup-
ported by evidence that oral bacteria
enhance the expression af p]atelet
agpregation-associated protein.

Atherosclerosis appears to be a
chronic inflammatory disorder, suggest-
ing that plasma markers of inflamma-
tion would be useful for vascular disease
risk assessment. For example, in a large
prospective study involving healthy men,
[L-&levels were elevated among men wha
subsequently experienced a myocardial
infarction compared with age-matched
contrels.® In another large prospective
study, healthy middle-aged women who
subsequently developed cardiovascu-
lar events exhibited increased levels
of soluble P-selectin, soluble CDaal,
or macrophage-inhibitory cytokine
compared with matched controls. ¥



http://www.pdffactory.com
http://www.pdffactory.com

THNF-0 iz another factor associated
with cardiovascular disorders. Plasma
concentrations of THF-a were measured
from 272 patients who developed recur-
rent nonfatal myocardial infarcation or
another cardiovascular event * TNF-a
levels were persistently elevated among
postmyocardial infarction patients at
increased risk for recurrent coronary
events, These data indicate that changes
in baseline levels of the inflammatory
biomarkers discussed above may be
potential biomarkers indicative of future
risx for cardiovascular events, and may
even be therapeutic targets aimed at
cardiovascular disease prevention.

The high-sensitivity CRF (hsCRF)
assay more accurately measures CRP than
older assessment techniques, Increased
hsCRP appears to be independent
predicror for cardiovascular events. The
relative risk for a first myocardial infarca-
tion and ischemic stroke increases as
baseline concentrations of hsCRP rise
(sugpesting strongly that atherothrom-
bosiz — a typical precursor to myocardial
infarcation and stroke — is, at least in
part, an inflarnmatory disorder).*

Elevations of other biomarkers sig-
nificantly associated with vascular events
include Lp(a) lipoprotein, homocysteine,
IL-5, total cholesteral, serum amylaid A,
apolipoprotein B-100, low-density lipo-
protein (LDL) cholesterol, high-density
lipoprotein (HDL) cholesteral, and the ra-
tio of total cholesterol/HDL cholesterol #
In 2002, data derived from a longitudinal
study of nearly so.000 healthy wormen
alsu supports CRP as a cardiovascular
risk indicator.” CRP iz alzo a stronper
predictor for cardiovascular events and
death than are measures of LDL. Indeed,
women in the high CRP/low LDL sub-
group were at higher absolute risk than

those in the low CEP/high LDL subgroup.

After adjusting for components of the
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FIGURE 4. CRP tevelsare a stronger predictor of cardiovasoular events then are LOL levels and add to prograstic
infermation supported by the Framingham risk score. A) Event-free survival among woman (Ws27 93] with CRP and LOL
levels abave or below the median for the study population ' 8) Multivariable-adjusted relative risks for cardiovascular
disease according to CRP levels and the estimated 1IC-year risk based on the Framingham risk score. currently defined
bry the Mational Chalesteral Education Program and according to CRP levels and categpries of LOL.™ Copyright 2002
Mossachusetts Medica! Society. AN rights reservad, Ridker PM, Rifoi M et ol Comparison of C-renctive protein and low-density
lipaprotein cholestora! ieve's in the prediction of first cordievasculor everts, N Engl ) Med 347200155765 Naw 14, 2002

Framingham risk score, including age,
smoking status, blood pressure, pros-
ence or absence of diabetes mellitus, and
HOL and LDL levels, quintiles of CRP
remnained an independent prognostic
factor for risk. Morsover, increasing levels
of CRP were associated with an increazsed
risk for cardiovascular events at all levels
of estimated 10-year risks (Fioure 4),
Since these reports, studies based on
at least a dozen mors population cohorts
around the world have corroborated the
usefulness of haCRP as a predictor of
myocardial infarction, schemic stroke,
and cardiovascular death. A recent,
large, prospective, randomized, double-
blind, placebo-controlled multicenter
trial (the JUPITER trial) compared the
effects of an oral statin drug versus a
placebo in apparently healthy patients
with elevated hsCRF levels and nonel-
evated levels of LDL cholesteral. This
study was terminated early because of
the beneficial effects of the statin drug
rosuvastatin in reduring in reducing the
rate of serious cardiovascular events.”
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Stroke and Ischemic Events

Inflammatory processes also ap-
pear to heighten the risk for stroke and
cerebral small-vessel disease. In 2 sample
of elderly people, ages 6o te go, hsCRP
levels were associated with the pressnce
and progression of white matter lesions
in the brain presumed to be the result
of ischemia.” In another study, CRP
levels were compared to the likelihood
of ischemic strokes or transient ischemic
attacks*** After adjusting for other risk
factors, those in the highest quartiles of
CRP levels had a two- to threefold greater
risk for stroke. Overall, these data sup-
port the hypothesis thar CRE, as a marker
of low-level inflarnmation, pradicts an
increased risk for cardiovascular events
in apparently healthy individuals.

Inflammation Appears to be a Risk
Factor for Diabetes

As noted earlier, evidence supports
roles for inflammation in the pathogenesis
of diabetes. Similar to cardiovascular dis-
ease, increased heCRP iz a predictor of risk
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for type 2 diabetes. In a large prospactive
cohort study in wornen initially free of di-

agnosed diabetes, baseline levels of haCBP
and IL-6 were significantly higher among
cases than controls.* Later studies invest-
gating a direct association between hsCRP
levels and diabetes used exopenous injec-
ticns of recombinant human CRE {thCRP),
Following injections of rthCRE, numerous
cytokine markers of inflammation became
significantly elevated compared with con-
trols, In a follow-up study by the same
group, rhCRP injections administered

to healthy males resulted in increased
plasma glucose levels and decreased
insulin production. Additional evidence
implicated CRP as a prognostic marker

for MetS. Collectively, this evidence
suggested the need to develop strategies
aimed at decreasing vascular risk among
individuals with elevated levels of CRE

Reynolds Risk Score Improves on
Framingham Risk Score

Whether to add hsCRP assessment to
traditional risk-prediction models, such
as the Framingham risk score, remains a
topic of current research. To address this
issue, a series of 35 risk factors were evalu-
ated at baseline among 25,558 initially
healthy women over age 45 who were
followed for future cardiovascular events
over a 1o-year period. Using these data, a
new risk-prediction algorithm, the Reyn-
olds rigk score, wag developed and validat-
ed. In brief, of the new biomarkers of risk,
the most impartant additions were hsCRP
and parental history of myocardial infarc-
tion before age 0. When these two fac-
tors were added to the usual risk markers,
the Reynolds risk score proved to be more
accurate than the Framingham risk score,
particularly for those at “intermediate
tisk” where 70 percent of all events occur.

Furthermore, among those at interme-
diate risk, almost half of all participants
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wete predicted to be at higher or lower
risk than anticipated when the Revnolds
risk score was used, and in almost all
cases, this reclassification was correct,™
Since the January 2008 AAP workshop
(that is the seminal basis for this article),
additional evidence has been published
validating the Feynolds risk score as an
improved risk-prediction system in men,*
Treatment guidelines recommend statins
for patients at higher risk. The Reynolds
risk score should facilitate more effec-
tive and efficient use of these drugs,

FOLLOWING
injections of rhCRP.
numerous cytokine markers
of inflammation became
significantly elevated
compared with controls.

Statins

Statins possess potent lipid lower-
ing and anti-inflammatory properties.
When 3,745 patients with acute coro-
nary syndrome (an umbrella term used
to cover clinical symptoms compatible
with acute myocardial ischemia) were
treated with statins, the levels of LDL
cholesterol and hsCRP were decreased.
Treated subjects who achieved a target
level of hsCRP 52 mg/] had a signifi-
cant improvement in event-free sur
vival, independent of levels of LDL
cholesterol. Subjects who achieved
LDL cholesterol levels <70 mg/dl and
haCRP levels <z mg/] did even better,
These findings were corroborated in a
second multinational trial that rein-
forced the significance of haCRP a5 an
indicator of risk and inflammation.*
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Genetics and CRP

A number of studies have linked
variances in hsCRP to penetic differ-
ences, Moreover, a recent genome-wide
assessment of » 6,400 women, data
suggested close genetic links among CRE,
diabetes, and early atherothrombosis.*
However, analysis of these studies has
suggested that only between 20 per-
cent and 4o percent of the population
variance in CRP has a genetic basis.

Therapeutic Implications

Thus far, it is unproven that inhib-
iting inflammation in g:—*narai or CRP
in particular will decrease the rate of
vascular events. However, early research
is promising, For example, a CRP in-
hibitor resulted in smaller infarcts and
less cardiac damage (in rats dosed with
rhCRP). Other approaches include the
use of novel [L-6 or TNF inhibitors.
Alternately, low-dose methotrexate,
often used to treat rheumatic arthritis,
is known to decrease parameters linked
with systemic inHammation in humans,
including erythrocyte sedimentation rate,
CRF concentrations, and signs of clinical
inflammation. An early study was prom-
ising* In light of the similarities between
rheumatic arthritis and atherceclerosis
{such as the involvernent of eytokines
and elevated levels of CRP), conducting
a trial comparing low-dose methotrexate
to placebo in the secondary prevention of
cardiovascular disease would contribute
significant understanding in this arena.

Conclusion

The human immune system, the
epigenome, the environment and
cytokines play complex and interwoven
roles in the myriad processes of inflam-
mation. [nflammation is now known to
be a common feature of many diseases
asgociated with aging such as chronic
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periodontitis, type 2 diabetes, cardiovas-
cular dizease, and Alzheimer's diseasze.
Furthermore, there is increasing evidence
that chronic cral inflammation and the
resulting systemnic increases in inflamma-
tory mediators may enhance the morbid-
ity of certain systemic diseases common-
by associated with advancing age.
Therefore, it will behoove dental practi-
tioners to rermain alert in coming years
for the advent of improved predictive,
preventive, and mitigative tactics that
will emerge from this exciting and
dynamic field of study. As of now, there
remains much to be learned, but the
benefits will likely be profound smmm
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