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Prof. Denis F. Kinane BDS, PhD, FDSRCS, FDSRCP is the past Dean of UPenn
Dental School and his research focus is in clinical translational research, molecu-
lar genetics, cell biology, pathology and immunology. He has held Professorial ap-
pointments in Immunology, Pathology, Periodontology and as Research Dean at
Louisville created the Center for Oral Health and Systemic Disease. He has more
than 240 peer-reviewed papers and regularly presents nationally and globally. He
has received various awards and his ‘h statistic’ is 80. He is editor in chief of the
Springer publication, Current Oral Health Reports and regularly organizes inter-
national research conferences. Current research is on modifying the host re-
sponse in chronic inflammation using tools such as CRISPR to modify receptors,
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signaling molecules, gene transcription and epigenetics.
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It is critical that an ethical health profession or subdiscipline seeks to constantly progress in the delivery of
the best diagnostic and therapeutic approach for patients by translating and incorporating the latest science
into practice.

The mainstay of periodontitis and peri-implantitis treatment is the mechanical and chemical eradication of
the plaque biofilm both professionally and as a preventive home care regime, however many scientific
breakthroughs in periodontology relate to improved understanding of the host response in periodontics, yet
few therapies have arisen from these highly cited papers and well funded projects. Such new therapies
would be welcome adjunctive approaches to the mechanical therapies.

Precision medicine approaches are highly applicable to this chronic inflammatory disease as periodontitis
has a strong genetic and individual susceptibility profile that has the possibility to be modified. In order to
improve periodontal health and create resistance to new episodes of disease, individual susceptibility ele-
ments need to be identified and genetically and molecularly modified. This review seeks to take our think-
ing further and utilize current accepted paradigms regarding the etiology of the disease, the contributing
host factors and using precision medicine-like approaches using our vast laboratory and animal based
knowledge of systems biology, molecular and —-omics knowledge, to fashion new approaches.

An example is given of one approach, which is the reduction in inflammation by utilizing CRISPR to replace
genetic haplotypes responsible for defective IL-8 response. A further example considered is through modi-
fying the epigenome, specifically reducing the methylation of TLR2 related DNA to improve the receptor
function in the innate immune response to the biofilm. And lastly we will review CRISPR modification of
NOD receptor genes to improve PMN related netosis to improve host response to the biofilm.

Currently, gene modification, deletion and replacement therapies, predominantly through CRISPR are start-
ing to become FDA approved and may develop relevance for oral diseases. Thus we will review these ex-
amples of precision medicine approaches to reducing periodontal susceptibility that might prove in future
to have therapeutic utility or provide inspiration to develop other approaches to exploit the enormous body
of molecular and genetic knowledge on the etiology of the disease to address this common and debilitating
disease.
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Dr. George Papantonopoulos graduated from Athens dental school and after 1 year
working in general dentistry in the military Athens hospital, was enrolled in the
clinical Periodontology program of Gothenburg's University in Sweden. Received
a PhD from Amsterdam’s University with the title “on the use of complexity meth-
ods in personalized Periodontology and Implant Dentistry”. Right now is working
on algorithms first to discriminate early-onset from late-onset periodontitis patients
and second to predict future failing dental implants.

Dr. George H.
Papantonopoulos

Understanding the non-linear behavior of periodontitis shapes
solutions for its treatment

Center for Research and Applications of Nonlinear Systems,
Department of Mathematics, University of Patras, Greece
George H. Papantonopoulos

Periodontitis is a disease characterized by nonlinearity as it is evidenced abundantly for the last 15 years.
This was supported by both an analysis of clinical data and the recognition of the self-similar structure of
the periodontal ligament that led to the creation of models that shed light into specifics of the disease. It is
well established that in periodontitis we have two competing parts, on one hand bacteria and viruses and
on the other the immune defense system of the host. It was possible to quantify the process and explain dif-
ferences found between phenotypes (early-onset against late-onset periodontitis patients). As a next step,
these differences were tried to be explained on the basis of differences in the immune response, with one not
so obvious difference found in random perturbations in the immune cell characteristics. Anomalies (noise)
in datasets of lymphocytes and neutrophil chemotaxis could discriminate early-onset from late-onset peri-
odontitis patients. Periodontitis is found to clinically present itself in two states or phenotypes (an early-on-
set and a late-onset state). Thus our current findings support the concept that early-onset periodontitis pa-
tients with rapidly progressive periodontal breakdown, having their “basal” set of causality factors, might
convert more often and more severely in an exacerbation phase before the system regresses in a resolution
(remission) phase. In a nonlinear system noise can push the system from one state to the other. A machine
learning algorithm can successfully be used to select those patients vulnerable to develop severe periodonti-
tis and guide their treatment. Using a local outlier factor score in a k-nearest neighbor model applied on
periodontitis patients we achieve 94% sensitivity and 83% specificity in discriminating early-onset from
late-onset periodontitis patients.

The well-accepted phenomenon of noise induced phenotypic variation due to stochasticity is a fact for peri-
odontitis. Its recognition can lead us to new avenues for its treatment. The challenge would be to invert the
effect of possible noise in the immune system.
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