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Abstract

Chronic inflammation has emerged as a key factor that contributes to some common chronic
diseasesMs lifespan. Studies have identified multiple types of chronic inflammation ranging
from autoi

meiRe disease, which attacks specific tissues, to autoinflammatory diseases, which cause
low-grade @
highlights D

informdiiio AISIBEIAE leveraged to develop new treatment strategies for cardiovascular disease and
may infornsow Eeriodontal disease influences cardiovascular disease.

<PE—FRON$
Chronic Inflamimation as a Factor in Chronic Diseases and Reduced Lifespan

A major chWe understanding of chronic inflammatory diseases occurred in the late 1990’s.
Fundamenﬁ' change was research focused on the association between levels of low-grade
systemic inflammation and cardiovascular disease (CVD) clinical outcomes.”” These studies used
high sensit active protein (hsCRP) analysis of blood samples as the indicator of systemic

inflammatigh® s one component of the acute phase responses that are produced by the liver in
response tAycirculating cytokines, most commonly interleukin-6 (IL-6), IL-1B, and tumor necrosis

inflammation and contribute to several common chronic diseases. This article

Btives on the role of chronic inflammation in cardiovascular disease. Such

factor alpha (TNFa), The concentration of hsCRP in the blood is an effective indicator of circulating
pro-inflamfna tokines arising from any inflamed tissue at the time of hsCRP measurement.
Most hsCRPegt focused on prediction of cardiovascular disease outcomes in response to

intervenii duced inflammation, as measured by changes in hsCRP.
Low density i tein cholesterol (LDL-C) is accepted as a major causal factor for CVD and
determ rosclerotic events, although several modifying risk factors certainly influence

disease expression. The systemic inflammation studies in recent years challenged the concept that

CVD was ptimarily caused by LDL-C driven lipid accumulation on the arterial wall, which ultimately
produced s that required medication, surgical interventions, or both.® The early

inflammatioa dies in CVD intervention provided evidence that reducing systemic inflammation

34,7

Was as prote dgainst recurrent or initial major atherosclerotic events as was lowering LDL-C.

During the riod, evidence emerged, primarily from genetic studies, to support the causality

8-11

of another\lipid factor, lipoprotein(a) [Lp(a)] in CVD.” " The LPA gene, encoding Lp(a), is highly
polymo ’ expression determines plasma levels of Lp(a) that vary among populations.
Conseqwn contrast to LDL-C, Lp(a) blood levels are not influenced by diet, exercise, or

statins.

In parallel :Iammation clinical trials, researchers were identifying a key role for IL-1B as a

,6,12-14

major driver ular inflammation and trigger of atherosclerotic events.’ In a clinical study

of pati CVD, the risk of coronary artery disease increased with blood levels of Lp(a) that
were above ian, but primarily in patients with IL1B genetic patterns that lead to high
expression of IL-1f3 protein. The subjects without genetic patterns that led to high IL-1B levels had

minimal increased risk of coronary artery disease regardless of elevated Lp(a) level.”'**>"
On the basis of many studies implicating systemic inflammation and the role of IL-1B in CVD,** a

10,000-person randomized controlled trial tested if blocking inflammation with canakinumab, an
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antibody specifically targeting IL-1B, reduced the risk of cardiovascular events in a high-risk patient
5,22

population.” The results were striking. Not only did blocking inflammation reduce the incidence of
recurrent major cardiovascular events, but it also reduced the number of hospitalizations in patients
with he ¥ the incidence of lung cancer,* and the occurrence of major renal events in
patients wi ic kidney disease.”

Another st d chronic systemic inflammation as a risk factor that prevents healthy aging.

The “HaWaiilllif@sPan Study” is a longitudinal study of Japanese-American men born and living in
Hawaii.?® Slgvival analysis of this cohort of men found that indicators of low-grade chronic
as higher concentrations of circulating fibrinogen or increased numbers of white

ere aSsociated with reduced survival. This chronic inflammation was one of only 7
t prevented healthy aging. Thus, chronic inflammation is a key factor that
contribute chronic disease risk and healthy aging.

Types of Chronic'Tnflammatory Disease

Although the CVD Studies increased awareness of chronic inflammatory diseases, such diseases are
not a single entity. The most prevalent chronic inflammatory diseases, obesity and periodontitis,
involve chri@hic continuing challenges. The chronic inflammation of obesity is driven by an
overnutriti nge, and a chronic interproximal bacterial challenge leads to most cases of

periodontitj stantial new understanding about autoinflammatory and autoimmune diseases has

27,28

emerged dile i e part to classification of such diseases as a biologic continuum (Figure 1).

inflammatory disease is often activated by an autoimmune process, such as in
rheumatoi itis. These diseases have high levels of systemic inflammation, with circulating CRP
concentratj often exceed 10 mg/L.” Not only is there autoimmune destruction of local
tissues, also tissue damage that results from secondary inflammation caused by the
autoimmune attack. There are more than 80 autoimmune diseases, which exhibit great variation
among patgnts in terms of their severity. In all of these, the underlying issue is dysregulated

immune t o one’s own tissues and subsequent inflammatory damage to local tissues. TNFa

blocking ag h as etanercept, have been very effective with several autoimmune diseases

including rRe d arthritis, Crohn’s Disease, psoriasis, and others.*

AutoinflanMjiseases represent another dimension of chronic inflammatory diseases. They
were originally identified in patients that had unpredictable flares that produced symptoms,
including fever, skin rashes, or joint swelling that were known to be initiated by innate immune
mechanisms. Clinicians recognized that these presentations were rare and were ultimately identified
as being caused by_genetic mutations in biological mechanisms that regulated the innate immune
response. It became clear that these rare autoinflammatory diseases were not autoimmune diseases
involving antibodies that attacked the patient’s healthy body tissues.

utoinflammatory diseases are rare monogenic diseases and others are quite
common. Among%¥lje rare monogenic diseases are FMF (Familial Mediterranean Fever), NOMID

(Neonatal Onset Multisystem Inflammatory Disease), and DIRA (Deficiency of Interleukin-1 Receptor
Antagonist). These diseases are associated with rare mutations in inflammasome genes that lead to
a dysregulated active caspase-1 that converts pro-IL-1B to active IL-1B. Such mutations result in high

levels of IL-1B released to cause the symptom patterns associated with the rare monogenic
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autoinflammatory diseases. Anti-TNFa drugs are less effective for the autoinflammatory diseases as
opposed to the autoimmune diseases.

In contr%re autoinflammatory diseases, there is emerging recognition and interest in
more prevaleatachronic inflammatory diseases that are in part driven by an imbalance of key

cytokines, @ IL-1B and IL-6, that drive innate immunity. These more common diseases driven
by an imballg

ate immunity do not display the intense episodes of acute inflammation, as
describ&@l JEWEsF rare autoinflammatory diseases.*® Both the rare forms of autoinflammatory
disease andithe more common forms are defined by increased inflammation involving cytokines of

the innate immuge system, more specifically IL-1.
Atheroscler@ti iovascular disease is the most well-studied common disease in which increased
risk for maj imical events is found in patients with persistent elevations of systemic inflammation,

as defined @y Blfood hsCRP, despite various drugs that produce substantial reductions in LDL
cholesterol levels.”” The systemic inflammatory challenge in chronic diseases can be from
dysregulatmolism as occurs in cancer and metabolic disorders, genetic factors, respiratory
and skin irni d unresolved infections. These common autoinflammatory diseases are typically
associated

1B or IL-6.

ssive production of cytokines that activate amplifying cascades, in particular IL-

1321t is well established that once released, IL-1B self-activates its own gene expression

through th eptor |. The auto-stimulation has been shown in some clinical situations to be
the result alance between the IL-1B agonist and the natural antagonist IL-1Ra, which has
been demdhst in Type 2 diabetes® and in progressive knee osteoarthritis.>* The pathologic

outcomes arise from amplifying cascades driven by cytokine-activated pathways.

A newer conce chronic inflammatory diseases is that some common conditions do not have

overtc ristics of inflammation and generally do not respond predictably to non-specific anti-

inflammatory drugs,>****

yet these conditions have an essential inflammatory component that
drives the pathology. **>***® These are often common diseases in which low-grade chronic
inflammati@g may be evident, but disease-initiating factors become the focus of preventing or

managing the disease. Examples include diet-influenced saturated fats or high blood pressure as

initiating fa VD; >°® smoking in lung cancer; ** and physical trauma to a joint in

osteoarthri® those examples of common chronic diseases, there are activating factors that
trigger infl i@n control points, such as IL-1p, that drive multiple cascades that amplify or
resolve infl@mmation at various stages. The inflammatory response is essential to health but
depend ontrolled regulation. If the inflammation activators are too potent or prolonged,
the do lammatory mediators that make prostaglandins, vascular adhesion molecules,
chemotaxi opoietic factors, lymphocyte and tissue cell growth factors, and other cytokines,

such as IL-6 and IL
autoinflammatory

, can lead to disease and tissue damage. The evolving concepts of common

iseases are well characterized by extensive work on the role of low-grade

.. . . . . 1
systemic i ation in cardiovascualr disease events."**

These down inflammatory mediators then drive damage to arterial vessels in CVD, amplify
destruction of pulmonary tissue in lung cancer, and destroy both connective tissue and bone in
osteoarthritis. These common diseases with a chronic inflammatory component generally do not

have an autoimmune component and are associated with low-grade circulating CRP (less than 10
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mg/L). Indeed, in CVD, the increased risk for cardiovascular events has been associated with hsCRP
levels exceeding 2 mg/L.%®

Commoweases also have an imbalance in inflammation that is evident as elevated hsCRP
edawith inflammation activators, such as lipoprotein(a) or low-density lipoprotein

e a low-grade chronic inflammation. Such conditions have been recently
validated imemram@emized controlled clinical trial involving an IL-1p inhibitor (canakinumab).’ Thus,
chroniclihfl@m#aBion can contribute to common chronic diseases, such as CVD,® cancer,** and
chronic ki disease.” Both a secondary inflammatory response to tissue injury or the presence of
an autoinflammatory condition can contribute to common chronic diseases that impact healthy

aging, quality of lif@ and ultimately lifespan.
Targeting the | matory Component of Cardiovascular Disease

The evoluti f #Bservations and technologies that drove various concepts of pathogenesis of
atheroscle the 1800’s has been richly described by Libby and Hansson.® The clinical
evidence supportsifhat at least two blood lipids, LDL-C and Lp(a), along with inflammatory
mechanisms, produce atherosclerotic CVD that, in some individuals, results in Major Adverse
Cardiovasclifar Events (MACE).

Recent clinical trials demonstrated that PCSK9 inhibitors achieved dramatic lowering of LDL-C
Nable with intensive statin therapy and, as a result, strongly enhanced prevention

839 An antisense drug targeting Lp(a) is also under investigation.” However, it

will be efore the results will show if this drug lowers Lp(a) sufficiently to reduce MACE.
The develo of MACE in individuals with elevated Lp(a) was conditional on the presence of an
IL-1B geneti rn that leads to high production of IL-1B protein."®*’ In high risk CVD patients,
drugst ly block IL-1B, but not less specific anti-inflammatory drugs, reduced MACE.*

With this appreciation of the role of inflammation as a key driver of CVD events, new treatment
options hahnd are being developed (Figure 2). These include blocking the lipids that trigger
atherosclergsism@d vascular inflammation. Such agents include inhibitors of PCSK9, a liver protein
that promc @ egradation of LDL receptors which leads to higher cholesterol. The PCSK9

inhibitors blo@k@€gradation of LDL receptors which reduces blood cholesterol. Even in patients
already taki s, PCSK9 inhibitors have dramatically reduced LDL-cholesterol and the risk of
cardiov isease events. ™ An antisense drug designed to specifically reduce Lp(a) is in Phase

Il clinical t"als. '

If the initiapi rs are not reduced or the patient fails to respond to such treatments, MACE can

be reduced by blogking the key drivers of arterial inflammation, most prominently IL-1B. IL-18 must
olecular complexes called inflammasomes. Thus, there are several points at which

be activate
IL-1PB signali
inhibit
inhibit the indu
activation of the receptors that initiate IL-1p expression.

e inhibited: Drugs can target IL-1 itself, as with canakinumab,?*** drugs can
bly of the inflammasome to block processing and release of IL-1f, or drugs can
of IL-1PB by either blocking the intracellular signaling pathway or by preventing

Implications for Treating Periodontal Disease
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Much of the clinical focus has been on systemic inflammation as a contributor to chronic disease.
However, chronic diseases can also contribute to systemic inflammation, thereby connecting

multiple chronic diseases through an inflammatory component. These inflammatory diseases include
periodo ; diabetes, obesity, and others. Indeed, obesity and periodontitis are among the

most prevaanic inflammatory diseases and are risk factors for other chronic diseases (Figure
3).

Althoudhl p@fi@@&Rtitis, as with CVD, does not exhibit the classic signs of rare autoinflammatory

disease or type 2"diabetes. One of the most impressive studies of this type used the UK clinical
practice researcﬁtabase and identified more than 100,000 patients with diagnoses of specific

types of chiemigggiflammatory diseases. They asked whether the presence of one or more of the
chronic infl ry diseases increased the risk for future coronary artery disease, stroke, or type |l
diabetes. They compared the frequency of these three diseases in individuals who had a chronic
inflammat e and those that did not. There were greater than 370,000 individuals who had
no prior hig Ehronic inflammatory diseases and served as the reference population.® The
investigatogs réposted that individuals with a history of chronic inflammatory disease and increased

revealed many factors that influence systemic inflammatory burden (Figure 3). These factors include
ethnicity, gender, smoking, polymorphisms in genes involved in inflammation, diet, and other
environmesEI factors. These factors increase systemic inflammatory burden, which then

contributes to chronic diseases, including rheumatoid arthritis, Alzheimer’s disease, type 2 diabetes,

coronary a pase, obesity, and moderate to advanced periodontitis. The current challenge is

identifying dividuals with chronic inflammatory diseases, such as periodontitis, have
increased s igsinflammation that alters the course of other chronic diseases including

cardiovascllar disease and Type 2 diabetes. Systemic inflammation is a central player that connects

period tiple chronic diseases of aging.
Conclusio

Although t any studies that show an independent association between moderate to

severe periodontiis and coronary artery disease and strokes, there are no direct intervention

studies treatment of specific cases of periodontitis reduce MACE. It is reasonable,

however ose establishing salivary and blood biomarkers to objectively assess treatment
outcomes of periodontitis that may include decreases in systemic biomarkers that have been shown
to reduce both first and recurrent cardiovascular disease events as a first step. It is likely that the
knowledge gained from the study of systemic inflammation in cardiovascular disease and other

chronic diseases will inform new treatment strategies for periodontal disease.
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Figure 1. Inflammatory and autoimmune diseases are a continuum. Examples of rare monogenic
autoinflammatory diseases include FMF (Familial Mediterranean Fever), CAPS (Cryopyrin-Associated
Periodic Syndrome) and NOMID (Neonatal Onset Multisystem Inflammatory Disease). Examples of
polygean

CVD. Exampi@
diabetes, a

matory diseases include Crohn’s disease, ulcerative colitis, psoriatic arthritis,
golygenic autoimmune diseases include Systemic Lupus Erythematosus, Type 1

atoid arthritis. An example of a rare monogenic autoimmune disease is ALPS

(autoimmune lymphoproliferative syndrome. Reprinted with permission from Journal of Leukocyte
. L

Biology.
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Figure 2. New therapeutics from CVD studies that are poised to address common chronic
inflamrrWses. The left side represents drugs that specifically reduce CVD by targeting
“residual chalgsterol risk.” The right side represents drugs that could reduce CVD and other chronic
diseases ag
[Credit: HeB
H

@ with increased systemic inflammation by reducing “residual inflammatory risk.”
PBhald, BioSerendipity, LLC]
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Alirocumab (Praluent, Sanofi) Approved Inflammasome inhibitors to reduce IL-1p  Early stage
ALN-PCSsc (Inclisiran, Novartis) Not yet approved (multiple companies)
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Figure 3. Multiple factors contribute to an individual’s systemic inflammatory burden. Studies
using hswdicator of systemic inflammation revealed that gender, ethnicity, genetics,

et-and lifestyle contribute to systemic inflammatory burden. Systemic inflammatory
@ to multiple chronic diseases and diseases associated with aging. Periodontal
disease andoB @fé common inflammatory diseases. By causing systemic inflammation, chronic
inflamniatdM@@isEases contributed to increased risk of other chronic diseases. [Credit: Heather

McDonaId,SioSerendipity, LLC]
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