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The Concept of Immunity

» Innate Immunity: Defenses against any pathogen
Adaptive Immunity: Defenses against specific pathogens
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Periodontal Biofilms

Bacteria, endotoxins and
cytokines enter the general
circulation through diseased
gum tissue and become
available to the rest of the
body.

Portal of entry is

diseased tissue stripped Red Complex Bacteria
of protective epithelium ' 1. Porphyromonas gingivalis
barrier. 2. Tannerella forsythia

3. Treponema denticola
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The Science of
Inflammation

How Gram Negative Bacteria Affect Inflammation

Shedding of LPS remnants in-vivo upon death and lysis/phagocytosis
of Gram-Negative Bacteria, and/or release from WBC

Oantigen

Outer Core

< Inner Core

phyromonas gingivalis
Used with permission from Porphyromonas gingivalis Genome Project; Forsyth Institute.
http://www.pgingivalis.org/
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Cytokines mediate the immediate
responses which includes vascular
permeability, fever, phagocytosis, and
further cytokine/chemokine production.

TLRs bind PAMPs. When
activated, TLRs upregulate
(NF-kB) host cells to produce

Cytokines.

Cytokines
IL-1, 16,
1L-8, TNF-a

Cytokines
IL-1, 16,
IL-8, TNF-a




‘ Cytokine Feedback Loops
. Coagulation Pathway
. Compliment Pathway
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Coagulation pathway .

Compliment activation .

What Is Chronic Inflammation

Systemic inflammation is the
presence of proinflammatory
proteins circulating in the
blood stream, exerting their
effects on tissues of the body

generally/systemically. L
3 . eo Acute PV
) LB ’/
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Local Local &
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Chronic Q’b

Inflammatory Challenge
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Local &
Systemic

P 9 Systemic Factors
Non-Modifiable Risks Gl conditions
jiaee &_Ge"der *Respiratory conditions
-ngetlcs.SNPs «Diabetes
-Eplg?r{etlcs «Obesity
'Eth"_lc'ty_ /Race k *Osteoporosis / Osteopenia
*Family history CVD, stroke, diabetes, cancer id arthritis
Increased Inflammatory “Lupus
= *Alzheimer’s
Bl rden'_ *Cancer
Increased Risk for *Depression
i i Chronic i
Systemic D —
Environmental Factors Oral Factors
*Diet / Nutrition +Oral Biofilm (Red/Orange)
*Stress *Xerostomia
«Inactivity Periodontal disease *Altered mouth chemistry
*Smoking «  Specific Pathogens *Faulty dentistry
*Excessive alcohol + 1L Genotype sLack of dental care

Clinical Predictive Value of Very Low as Well as
Very High Levels of hsCRP

Relative Risk of Future
Cardiovascular Events
OFR NWMU OO

<05 051 1-2 2-3 34 4-5 5-10 10-20>20

hsCRP (mg/L)

+(Ridker PM, Rifai N, et.al., NEJM, Nov 14, 2002 Vol. 347:1557-1565 No 20.
*Yeh ETH, Willerson JT. Circulation 2003;107:370.)




Risk Factors for Future Cardiovascular Event

Lipoprotein (a) —} +Ricker, NEJM 2000;342,836
+(Also see: Jiang, Am J.
Homocysteine —E— Cardiology 103;12,
L6 O June 15, 2009)
Total Cholesterol ——
LDLC 1
SAA —m—
Apo B -
TC: HDLC i
hs-CRP i
hs-CRP+TC:HDLC i
0 1.0 2.0 4.0 6.0
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Consequences of Periodontal Disease

© & — @

Chronic
Bacteria and H i
endotoxins in blood BaCterlaI TISS;ES Break
spread through body |nsu|t own
Systemic Periodontal
Disease Disease

Periodontal Disease is Linked...

¢ Heart disease & Stroke

* Diabetes

¢ Alzheimer’s

¢ Rheumatoid arthritis

* Cancer

¢ Pregnancy complications
¢ Lung disease

* Osteoporosis

Heart Disease

* Obesity <
* High blood pressure s .
¢ Kidney disease L, *-:'(-' -

N
StrokLr

0@? ‘The “Old” View

at is Cardiovasgufar
__Disea§e™ j’_;__/

Stress Test

* Not designed to look for
athersclerosis
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CONCLUSION: Elevated level of LE-PLAZ is associated with Eriudumal inflammation, indicating that
periodontal treatment could reduce the risk of cardiovascular disease in CP subjects with
hyperlipidaemia
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inflammatory markers [Lp-PLA,] recently shown to have prognostic
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How “hot”
areyour
arteries? /[ /4

What is Periodontal Disease?

Can you talk about
periodontal disease

without talking about
heart disease?

What is Periodontal Disease What comes first?

The periodontal pocket or the microbial profile?
Can a person have

periodontal disease Which is worse?
before there is Shallow pockets or deep pockets?
bleeding or tissue
breakdown — or any
other clinical signs or D ?
symptoms? 3
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Three Studies

Changes in Clinical and Microbiological Periodontal
Profiles Relate to Progression of Carotid Intima-
Media Thickness; Desvarieux

Evaluating Clinical Periodontal Measures as
Surrogates for Bacterial Exposure; Demmer

Bacterial Signatures in Thrombus Aspirates of
Patients with Myocardial Infarction; Pessi

ORIGINAL RESEAR

=SS

Changes in Clinical and Microbiclogical Periodontal Profiles Relate
to Progression of Carotid Intima-Media Thickness: The Oral
Infections and Vascular Disease Epidemiclogy Study

Moite Cpswarious, WD, PRC; Hyan T. Gerrrrer, PO, PR, Do B Jacots, Jr, PRE3 Pasos M. Papapancu, 008, #
Bk L. Saos, WD, N5 Taljans Sundes, D, PR
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Desvarieux et al. JAHA, Oct 28, 2013
http://jaha.ahajournals.org/content/2/6/e000254.full.pdf+html
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thesis that periodontal infections predispose to accelerated
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- Atheroselereis 7 The elinieal sitenes was exteaded lo

subclinical atherosclerosis progression. No prospective stud- ,;:
ies exist on the parallel evolution of chronic low-grade e
infections, including periodontal infections, and subclinical [
vascular disease. Prospective studies of this nature are b
important for establishing or refuting causality, thus, filling a wede
critical gap, as recently summarized in an American Heart e
Association statement regarding the association between ling 2
periodontal disease and atherosclerotic vascular disease.'” ,':,::
The Oral Infections and Vascular Disease Epidemiology :'osr
Study (INVEST) was specifically designed to study the hypo- hype-
erated
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in_periodontal status—defined both clinically and microbio-

atherasclerosis in a randomly selected population-based
sample of men and women. These findings were observed
during a relatively short period, strengthening the hypothesis
that accelerated atherosclerotic progression is a mechanistic 4
explanation for previous reports linking periodontal disease
and clinical CVD. Because they were observed in a population !'

s

In summary, we report the first evidence that improvement
logically—is_associated with less progression in_carotid

setting, they also emphasize the importance of primary
perindontal care as a possible preventive health measure.
sl S i A Al ot el o i s A A st
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eriodontitis ad a Seiéetion of thers s conirols. Tn this

report, we 'nvestigghed whether changes in Eeriudnntal ::tﬂtusi i

assessed clinically and microbiologically, were associated with

progression of carotid atherosclerosis longitudinally. Our a

priori hypothesis was that improvement in periodontal status
and reduction in the proportion of “eticlogic™ periodontal
bacteria in the subgingival plague would be related to slower
intima-medial thickness (IMT) progression, whereas worsening
periodontal infections would increase IMT progression.

{ Conclusion Longitudinal improvement in clinical and microbial periodontal status is §
¢ related to a decreased rate of carotid artery IMT progression at 3-year average

follow-up.

http://jaha.ahajournals.org/content/2/6/e000254.short

Discussion / Conclusions

¢ Etiologic Bacteria = “Red Complex” bacteria
¢ First evidence — improvement in periodontal status (clinical &
microbiological) associated with less progression in
atherosclerosis.
¢ Longitudinal (temporal) change in perio status is concurrent
with longitudinal carotid artery IMT progression.
¢ Dose-response relationship between IMT progression and
perio pocket changes and presence of etiologic bacteria.
¢ Improvement in perio status (clinical and biological)
realized slower IMT progression.
* Etiologic bacteria considered “causal” (perio), most closely
linked to atherosclerotic progression

http://jaha.ahajournals.org/content/2/6/e000254.short
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Discussion / Conclusions

¢ “Pre-clinical” — low threshold perio measures (>3mm)
strongly correlate with etiologic perio bacteria, inflammation
and atherosclerotic progression.

* Systemic translation of local infection is more related to
bacterial levels than overt clinical disease.

* 3 mm pocket depth should not be assumed to be healthy.
“Pre-clinical” periodontal disease cannot be ignored.

¢ Avg 0.03mm/yr difference in IMT score with deteriorating vs
improving perio health status

¢ Thresholds of clinical significance - reference:

e 0.03mm/yr increase in IMT associated with 230%
increase risk for coronary events (Hodis et al;
progression study)

¢ 0.0082mm/yr (Crouse et al; statin study)

http://jaha.ahajournals.org/content/2/6/e000254.short

Discussion / Conclusions

¢ Study supports the role of high risk bacteria and
atherosclerotic vascular disease (ASVD)

¢ ASVD is improved with effective perio therapy

¢ BOP is harmful to health — regardless of pocket depth, if
there are high risk bacteria present

¢ Judging perio health based on probing depths is now
obsolete from a scientific point of view.

http://jaha.ahajournals.org/content/2/6/e000254.short

Research article

Evaluating clinical periodontal measures as surrogates for
bacterial exposure: The Oral Infections and Vascular
Disease Epidemiology Study (INVEST)

Ryan T Demmer:, Panos N PapapanouZ2, David R Jacobs22 and Moise Desvariewc:35™

Conclusions
Clinical exposure definitions of periodental disease should incorperate relatively shallow pockets to
best reflect whole mouth exposure to bacterial burden.

Demmer et al. Evaluating clinical periodontal measures as surrogates for bacterial exposure: INVEST Study. BMC Med Res Method, 2010,10:2
www.biomedcentral.com/1471-2288/10/2

Discussion / Conclusions

* Low-severity sites not often regarded as clinical disease.

¢ Periodontal bacterial burden highly correlated with low-
severity (2 3mm).
— Perio - etilogic bacteria burden = “Red Complex” (Aa, Pg, TD, Tf)

¢ B.O.P. strongly assoc with bacterial burden and is more
pronounced in shallow than in deep periodontal pockets.

¢ Low-severity thresholds have strongest correlations with
etiologic bacteria.

— This does not imply that high-severity sites are not pathologic. (Note: high
severity thresholds skewed due to lower prevalence, access to care issues with
affected study population, & severe sites more predisposed to
treatment/removal).

I INVEST Study. BMC Med Res Method, 2010,10:2

www.biomedcentral.com/1471-2288/10/2

Demmer et al. I periodontal surrogates for bac

Discussion / Conclusions

¢ Low threshold definitions of clinical periodontal disease tend
to optimize associations with cardiovascular disease
biomarkers.

¢ Highlights importance of subclinical periodontal infection (i.e.
“low-severity”) in the context of periodontal infection and
cardiovascular disease risk.

* Shallow pockets = gingivitis / periodontitis PLUS subclinical
pathological processes with systemic effects.

¢ Shallow sites might be considered as “nascent” disease; (i.e
beginning, starting, developing, emerging).

Demmer et al. Evaluating clinical periodontal measures as surrogates for bacterial exposure: INVEST Study. BMC Med Res Method, 2010,10:2
www.biomedcentral.com/1471-2288/10/2

Discussion / Conclusions

“The finding that pocket depth and bleeding on probing
definitions performed as well as, and often better than,
attachment loss definitions might have been anticipated when
considering that pocket depth and bleeding tend to be better
markers of current infection while attachment loss better reflects
historical disease.”

Demmer et al. Evaluating clinical periodontal surrogates for b | INVEST Study. BMC Med Res Method, 2010,10:2
www.biomedcentral.com/1471-2288/10/2
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Discussion / Conclusions Discussion / Conclusions
“Substantial exposure to pathological periodontal
While the relative risk for bacterial colonization in deep vs. microbiology likely occurs in shallow periodontal pockets
shallow periodontal pockets is high, the prevalence of deep that do not yet exhibit commonly accepted clinical signs of
pockets is often low in epidemiological settings. Therefore, in frank periodontal disease. ...
absolute terms, much of the attributable risk from exposure to Results of this nature highlight the potential importance of
pathogenic bacteria would likely occur in relatively shallow subclinical periodontal infection in the epidemiological
periodontal pockets. Specifically, our findings highlight the context of periodontal infection and cardiovascular disease
potential importance of using clinical definitions that include less risk. Relatively shallow periodontal sites not only have the
severe periodontal disease when such disease is viewed as a potential to develop gingivitis and subsequent periodontitis
model of infection in studies of systemic disease risk. but might also be undergoing subclinical pathological
processes that could have systemic effects. Therefore some
shallow periodontal sites might actually be considered as
Demmer et al. Evaluating clinical periodontal measures as surrogates for bacterial exposure: INVEST Study. BMC Med Res Method, 2010,10:2 Demmer et al. periodontal surrogates for bacteris INVEST Study. BMC Med Res Method, 2010,10:2
www.biomedcentral.com/1471-2288/10/2 ‘www.biomedcentral.com/1471-2288/10/2
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Hippocrates

Father Of Western
Medicine And
Dentistry
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Citrullination

Arginine Citrulline

Citrulline —an amino acid first isolated from watermelon in

‘ 1914. Citrullus is Latin word for watermelon.

Citrullination
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, diseases such as rheumatoid arthritis and multiple sclerosis.

i antibodies I

[
Arginine Citrulline o I i

files.wordpress.com/2011/03/citrulli 2.jpg
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Citrullination is an enzymatic process that results in a post-
translational maodification of arginine residues found in protein
5 molecules. This process is mediated by peptidyl arginine deiminase
Specim (PAD). In the presence of calcium, a positively charged argentine e
Il!-rw"c residue is deiminated by the enzyme, ultimately releasing ammonia

5 and forming a neutral amino acid referred to as citrulline. It has been
:’:':‘, demanstrated by numerous groups that the antibodies originally

s characterized as anti-perinuclear factor, anti-keratin antibodies and
mu% anti-sa are all specific to the citrullinated form of a variety of proteins.

p; i ies.com/arti pi ipts/2008/2008-09-anticcp/09-8.html
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%, disease, Porphyromonas gingivalis, worsens rheumatoid arthritis by leading to earlier onset, faster
4 progression, and greater severity of the disease, including increased bone and cartilage

E% destruction (PLOS Pathogens, September 12, 2013).

e = B 7 .

* The sclentists found thal P__gingivalis produces & unique enzyme. peptidylarginine deiminase

(F‘AD) which then enhances collagen-induced arthritis, a form of arthritis similar to rheumatoid
arthritis produced in the lab. PAD changes residues of certain proteins into citrulline, and the body

recognizes citullinated proteins as intruders, leading to an immune attack. In rheumatoid arthritis

patients, the subsequent result is chroni

destruction within the joints.

inflammation responsible for bone and cartilage

T ——

Take’ﬁ‘t‘\:—g‘él}-lér. the results sugéesllh’al B;ctl;ﬁ-zii PADrﬁay consti

!

'} between P. gingivalis periodontal infection and rheumatoid arthritis, but this ground-breaking
e Sy i ——
SR S "'"'-""‘.'“,_‘.’_".2.’ I Make the 2013 l

3 Stuc ndicate that mmparad wwm fhe' general populauun EenE with Eemdomal disease have

i an increased prevalence of rheumatoid arthritis and, periodontal disease is at least two times mare
] prevalent in rheumatoid arthritis patients. Other research has shown that a P. gingivalis infection in
f) the mouth will precede rheumatoid arthritis, and the bacterium is the likely culprit for onset and

B of the i ine i y responses that occur in the disease.

ot . o s b P s e ——
o et P e ot oo .kt ot g
T

gings human and a-

arthritis.

ck 5 Ricuedes K6, Lunduer & Kinkch & Cutshiw O Polamod | Yenaties P

- AT - -
RESIJLTS: Endngenuua protein cltru\lmatmn was ahundant in P g\ngwal\s hut \ackmg in the other
: oral bacteria. Deletion of the bacterial PAD gene resulted in complete abrogation of protein
% citrullination. Inactivation of arginine gingipains, but not lysine gingipains, led to decreased

S
Ey P gogrvakn was studied by ncuating e
immusablsttng and mass specirometry

S
24y and knockeut sl wth (e proteins and asalyzing the graduct

RESULTS:E magmnul :rou.n trolination was abundant i P gingnadis tut Ix-ung n w othes oral bactera. Dwlation of the
Eactorusl P b

r CONCLUSION Qur findings demonstrate that among the oral bacteﬂa\ pathogens tested. P
$ gingivalis is unique in its ability to citrullinate proteins. We further show that P gingivalis rapl\:ﬂy

L generates citrullinated host peptides by proteolytic cleavage at Arg-X peptide bonds by arginine

'ﬁ gingipains. followed by citrullination of carboxy-terminal arginines by bacterial PAD. Our results

'5 suggest a novel model where P _gingivalis-mediated citrullination of bacterial and host proteins

i provides a molecular mechanism for generating antigens that drive the autoimmune response in RA.

http://www.ncbi.nlm.nih.gov/pubmed/20506214

t rheumatold arthritis.

PEnge UM fenimen G

apstract

'OBJECTIVE: To teofile the atundasce and drariy of subgingral oral meciotiota i patients with neveddrested, niw-oniat
thiumatied Sahitis (RA]

METHODS: Pencdontal daense (PO) status, chnecal actny, and socidemograph tacton were determuned n pabants
Wi -0t LA patants with chioose A, 6d hanthy subyects. Mdtighined 154 pyraeeauenting was used 1 compan
ool ket il i ke e e o 4 o sl

o st !

j CONCLUSION: Patients with new-onsel RA exhibited a h\gh prevalence of PD at disease onset,
: despite their young age and paucity of smoking history. The subgingival microbiota profile in

‘ patients with new-onset RA was similar to that in patients with chronic RA and healthy subjects
{ whose PD was of comparable severity. Although colonization with P gingivalis correlated with the
é severity of PD, overall exposure to P gingivalis was similar among the groups. The role of A

:i geminatus and Prevotella/Leptotrichia species in this process merits further study.

CONCLUSION: Patiarts with nev-cnast RA sxhitited & bigh crevalance of PO desaxie onial. Seapbe thet young age
B paiity of smokng heatory. The subgngeal macrobicta profie i pabects with new-cnset RA was o that in.
patienta with chionic FA and healthy subjcts whote PD was of comparabie severity. Alhough colenization with P
pgeaks comslated with the severty of PD. ovacall exposurs 10 P geghvake was simdar among the grougd The iohs of &
geminatun and FrevoisdaLeptotnchia Kpecs in s pOcess ments Ruthes stody

http://www.ncbi.nlm.nih.gov/pubmed/22576262
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id arthritis: a pllnu:udv

Sibaicia, Fbaman B G Wi T mdue B Richaras
STacuol (W p Wty e m-ceryw hav‘e nn.’rﬁérate*m GéveTe p\érmmmm (:37@} mahbmlgnrs'wm wrdre.
;RF negative (15%) (P = 0.02). Likewise, patients with RA who were positive for the anti-cyclic

¢ citrullinated peptide (CCP) antibodies were more likely to have moderate to severe periodontitis
3, (56%) than patients who were anti-CCP negative (22%) (P = 0.01). There were no associations of
7 periodontitis status with other measures of RA disease activity or severity.

e - —
the theumsteiogic dagnoses, pardomied perodontal piobing and exarined deresl

In a cohort of U.S. veterans, permdumlt\s \was more comman and severs in
I’ patients with RA compared to patients with OA. Although unrelated to disease activity, the
presence of periodontitis in patients with RA was associated with seropositivity for RF and the anti-

\i CCP antibody, which was highly relevant given the associations of these autoantibodies with poor
% outcomes and disease pathogenesis in RA
OIG WRRIY 10 1 — _pm = e ™ £ dm m st m i T i o e
14y
e \Perlodontal disease is worse in
L)

patisnts with O

o, rheumatcnd arthritis patients!

http://www.ncbi.nim.nih.gov/pubmed/20151800
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'‘NMiedical costs fall with gum treatment, study
finds i

L0 Bt 2013 ArAME 1T =
Identification of oral bacterial DNA in synovial fluid of patients with arthritis with native and failed prosthetic joints.

7 Abstract

4 OBJECTIVE: We examined ths presence of bacterial DNA in synovial fluids of native or clinically
; aseptically falled prosthetic joints from patients having periodontal disease and arthritis to determin
%, whether there is bacterial spread from the oral cavity to the joints.

By A Wil About Alex Hixen
n 412-320-7928

Published: Wesnesday, Uareh

Crverall medical costs are lower for patients with
rhematoid arthiitis and for preganant wom
treated for gum disease, according to a s
dal ased by United Concordia, the dental msurance
sulrsidiary of Highmak In

JRESULTS: Gf the 36 pah‘e;n;‘. bacterial DNA was detgcted in the syno’\}i’a’l fluid samples from &
{ patients (13.9%): 2 with RA (1 native and 1 failed prosthetic joints) and 3 with OA (1 native and 2
Iailed prosthetic joints). Of these 5 patients, 2 were diagnosed with periodontitis and had identical

Daily Photo Galleries 1

P

{ bacterial clones (Fusobacterium nucleatum and Serratia proteamaculans, respectively) detected in
« both the synovial fluid and the dental plague samples. Fusobacterium nucleatum was the mast
¢prevalent, detected in 4 of the 5 positive samples. No cultures were done and no patients were

The findings. follow SImiar resuits released by the
company that appear to show a link between lower overall
heaith costs for pecple with clabetes. heart disease and

stroke and good oral heaith. The |atest study found that
treatment

ety g

E_Ireated with antibiotics or developed clinical infection umatold arthritis Wik recerved

) 1orgum gisase had Iower annyal medical costs fall

- ot o o g e i e e P e = e o i 53,864, pregnant women had 52 430 In lower costs T -

jC he present findings of bacterial DNA in the synovial fluid suggest the possibility Y United Concerdia hired Dr. Margone Jeffcoat. a dentist ) san.;rcn;. s‘emerﬁn—:r 14,2013
j of organisms translocating from the periodontal tissue to the synovium. We suggest that patients i and dean emeritus of the University of Pennsylvania's

% with arthritis or failed prosthetic joints be examined for the presence of periodontal diseases and be § Bchool of Dent, icine, to perfom the study of a5 %

{ treated accmd’inglé.

http://www.ncbi.nlm.nih.gov/pubmed/22426587 http://triblive.com/busi i 732619-74/costs-| i DOTV31

The Science of Inflammation
Medical Problem — Dental Solution

The Oral-Systemic

Connection
This is what makes periodontal
disease a medical problem, &
why physicians and dentists
MUST work together to co-
manage their patients.
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