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Exploring a pathobiology-based classification of periodontitis

Division of Periodontics, Section of Oral and Diagnostic Sciences, College of Dental Medicine,
Columbia University, New York, NY, USA
Panos N. Papapanou, DDS, PhD.

Two principal forms of periodontitis (chronic and aggressive) are currently recognized, but their
phenotypic characteristics and underlying pathobiology are not sufficiently distinct. Over the past
decade, our group has carried out a series of studies investigating whether gene expression signatures
in pathological gingival tissues of patients with periodontitis can form the basis for a new disease
classification.

We first used molecular profiling to explore biological differences between chronic (CP) and aggressive
periodontitis (AgP) and subsequently carried out supervised classification using machine-learning
algorithms including an internal validation. We used whole-genome gene expression profiles from 310
‘healthy’ or ‘diseased’ gingival tissue biopsies from 120 systemically healthy non-smokers, 65 with CP and
55 with AgP, each contributing with >2 ‘diseased’ gingival papillae (n=241; with bleeding-on-probing,
probing depth >4mm, and clinical attachment loss >3mm), and, when available, a 'healthy’ papilla (n=69; no
bleeding-on-probing, probing depth <4mm, and clinical attachment loss <4mm).

Our analyses revealed limited differences between the gingival tissue transcriptional profiles of AgP and
CP, with genes related to immune responses, apoptosis and signal transduction overexpressed in AgP, and
genes related to epithelial integrity and metabolism overexpressed in CP. Different classifying algorithms
discriminated CP from AgP with variable efficiency. The small differences in gene expression and the
highly variable classifier performance suggested limited dissimilarities between established AgP and CP
lesions.

In a subsequent study, use of the same dataset and adjusted model-based clustering of transcriptomic
data using finite mixtures generated two distinct clusters of patients that did not align with the current
classification of CP and AgP. Distinct expression profiles primarily related to cell proliferation in Cluster #1
and to lymphocyte activation and unfolded protein responses in Cluster #2. Patients in the two clusters did
not differ with respect to age, but presented with distinct phenotypes (statistically significantly different
whole-mouth clinical measures of extent/severity, subgingival microbial burden by several species, and
selected serum antibody responses). Patients in Cluster #2 showed more extensive/severe disease, and
were more often male.

Our work suggests that distinct gene expression signatures in pathological gingival tissues translate into
phenotypic differences and can provide a basis for a novel classification.
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