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Learning Objectives
1. Appreciate how perturbations to periodontal health 

can introduce a member of the host’s microbiome to 
host niche with unintended consequences  

2. Evaluate whether periodontal dysbiosis is causally 
linked to the Alzheimer’s Disease pathology 

3. Discuss how inhibiting a key virulence factor of a 
microbe associated with periodontal  disease might 
arrest the development of Alzheimer’s Disease 
Pathology



Review,  from yesterday 
• The first birthday gift we each 

received was identical in name and 
given freely from our mothers

• It was literally delivered precisely at 
the time of our birth, providing us 
with an inter-generational hand-off 
that serves as the foundation for our 
13th organ system, our microbiome. 

• Today, we will explore 
how perturbations made to this, our 
13th organ system, or microbiome, 
can profoundly influence our lives. 



Human Microbiome
• What do we know?  

–You are 1 part 
human - 1 part 
bacteria -
formerly thought 
it was 10 parts 
bacteria::1 part 
human



Did you know?
• At this moment 2 to 6 

pounds of microbes are 
living in and on you?  
– Who are they?

– Where are they?

– What do they do?

– Are they good or bad?

– Can they be dragooned 
for good? 



They are talking among, and with us!



Gut-Microbiota –Brain Axis 
It’s role in Neurological Diseases

• I’m not an expert, I’m an observer and student of 
our newest organ, the microbiome, my goal today 
is to enlist your help in helping healthcare build an 
approach that will help the human race –
➢Understand the disease process and progression so that 

the medical community can assist us design prevention 
approaches and treatments that can work in limiting 
these debilitating diseases



Gut-Microbiota –Brain Axis 
It’s role in Neurological Diseases

• We are going to focus on 1 disease
– Alzheimer’s disease  (AD)

• Why only one?
– Experiments have helped us build and then test the 

validity of various hypotheses for the role of microbes

– Results can inform us of a path forward for  how 
dental medicine may be able to contribute to our 
understanding and developing therapeutic strategies.



• Most common form of dementia
• IT IS NOT a normal part of aging!
• It is a progressive disease

1. Memory loss that disrupts daily life
2. Challenges in planning or solving problems
3. Difficulty completing familiar tasks
4. Confusion with time or place
5. Trouble understanding visual images and spatial relationships
6. New problems with words in speaking or writing
7. Misplacing things and losing the ability to retrace steps
8. Decreased or poor judgement
9. Withdrawal from work or social activities
10. Changes in mood and personality

Alzheimer’s Disease



Alzheimer’s Disease-2
• The pathologists will offer that pathology 

of  Alzheimer’s is very similar to the 
host’s response to a pathogen
– Chronic low-grade inflammation (TNF-

alpha)
– Complement activation and 

dysregulation
– Inflammasome activation

• Results in secretion of inflammatory 
cytokines (IL-1ß and IL-18) and cell death via 
pyroptosis (firery cell death -Caspase1-
Activation; generally, in macrophages likely 
triggered by an infection) 



How I got  interested?
• Porphyromonas gingivalis in Alzheimer’s 

disease brains: Evidence for disease 
causation and treatment with small-
molecule inhibitors 

• Published 23 January 2019
• BLUF- microbe implicated in chronic 

periodontitis appears to be a player in 
Alzheimer’s pathology… 
– say what? … flossing may prevent 

Alzheimer’s after we heard that flossing 
was useless

– an oral, a black-pigmented, 
assaccharolytic, non-motile Gram-
negative microbe that requires anaerobic 
conditions for growth, 

https://www.microbe.tv/twim/twim-195/


What do we know?
➢ Pigmentation results from accumulation of 

Fe-protophorphyrin IX (FePPIX) from 
erythrocytic hemoglobin

➢ Lys-X (Lys-gingipain) and Arg-X (Arg-
gingipain) cysteine proteases of P. 
gingivalis bind and degrade erythrocytes.

➢ Blocking gingipain proteolytic 
activity with short peptide 
analogs reduces P. gingivalis
virulence 

➢ See -
https://journals.asm.org/doi/epub/10.1128/JB.181.16.4905-
4913.1999

FePPIX on the cell surface producing a 
characteristic black pigment after about 
7 days of anaerobic incubation

https://journals.asm.org/doi/epub/10.1128/JB.181.16.4905-4913.1999


What do we know-2?
• Microbial Dysbiosis

➢PG has at least 12 virulence factors, like proteases, 
that allow it to thrive in a polymicrobial community
that fosters inflammation through its secretion of 
virulence factors that subvert leukocytes.

➢Enter the dentist… as our gums recede... this microbe 
invades and evades

➢The back story…  or how to design an experiment that 
demonstrates causality



Literature suggests Periodontal Disease 
bacteria increase risk for AD disease
• 2007-Tooth loss, dementia and 

neuropathology in the Nun 
Study 

• Conclusion: Participants with the 
fewest teeth had the highest risk 
of prevalence and incidence of 
dementia.

• Clinical implications: Edentulism 
or very few (one to nine) teeth 
may be predictors of dementia 
late in life.

https://pubmed.ncbi.nlm.nih.gov/17908844/
https://pubmed.ncbi.nlm.nih.gov/17908844/


Literature suggests Periodontal Disease 
bacteria increase risk for AD disease
• 2012-Serum antibodies to periodontal 

pathogens are a risk factor for Alzheimer’s 
disease 

• Conclusions—This study provided initial data that 
demonstrated elevated antibodies to periodontal 
disease bacteria in subjects years prior cognitive 
impairment

• Data suggested that periodontal disease could 
potentially contribute to the risk of AD 
onset/progression. 

• Additional cohort studies profiling oral clinical 
presentation with systemic response and AD and 
prospective studies to evaluate any cause-and-
effect association was advocated by the authors 
as warranted. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3712346/


Literature suggests Periodontal Disease 
bacteria increase risk for AD disease
• 2015-Periodontal disease associates 

with higher brain amyloid load in 
normal elderly 

• Conclusion—Showed for the first time in 
humans an association between 
periodontal disease and brain Aβ load. 

• These data were consistent with prior 
animal studies showing that peripheral 
inflammation/infections are sufficient to 
produce brain Aβ accumulations. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4399973/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4399973/


Literature suggests Periodontal Disease 
bacteria increase risk for AZ disease
• 2016 -Periodontitis and Cognitive 

Decline in Alzheimer’s Disease
• Conclusion—Data showed that 

periodontitis is associated with an 
increase in cognitive decline in 
Alzheimer’s Disease, independent 
to baseline cognitive state, which 
may be mediated through effects 
on systemic inflammation 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4786266/


Literature suggests Periodontal Disease 
bacteria increase risk for AD disease
• 2020-Periodontal Disease and Incident Dementia: The 

Atherosclerosis Risk in Communities Study (ARIC) 

• Objective To test the hypothesis that 
periodontal disease would be associated with 
increased risk for dementia and mild cognitive 
impairment (MCI) by assessing dementia/MCI 
outcomes after a baseline periodontal 
examination.

• Conclusion Periodontal disease was modestly 
associated with incident MCI and dementia in a 
community-based cohort of black and white 
participants.

MCI=mild cognitive impairment

https://scholar.google.com/scholar?q=Periodontal+Disease+and+Incident+Dementia:+The+Atherosclerosis+Risk+in+Communities+Study+(ARIC)&hl=en&as_sdt=0&as_vis=1&oi=scholart


So far to fulfillment of Koch’s 
• Cross sectional and longitudinal studies show that periodontitis is closely associated 

with cognitive impairment (CI) and AD. 
• Animal models of periodontitis and human post-mortem brain tissues from subjects 

with AD strongly suggest that a Gram-negative periodontal 
pathogen, Porphyromonas gingivalis (Pg) and/or its product gingipain is/are 
translocated to the brain

• However, neuropathology resulting from Pg oral application is not known

➢ Will repeated exposure of wild type C57BL/6 mice to 
orally administered Pg results in 
neuroinflammation, neurodegeneration, 
microgliosis, astrogliosis and formation of intra- and 
extracellular amyloid plaque and neurofibrillary 
tangles (NFTs) which are pathognomonic signs of 
AD?

.%20https:/doi.org/10.1371/%20journal.pone.0204941


Amyloid Plaque

• A

Causation - do we, have it?
P. gingivalis recovered 
from the hippocampus

Experimental chronic periodontitis was induced in ten wild type 8-week old C57BL/6 WT mice by repeated oral application 
(MWF/week) of Pg/gingipain for 22 weeks (experimental group). Another 10 wild type 8-week old C57BL/6 mice received 
vehicle alone (control group) MWF per week for 22 weeks. 

Conclusion -Oral Pg infection of WT mice induces AZ pathology after 22 weeks.
FFPE - formalin fixed paraffin embedded samples, C- Control; E Experimental

Neuroinflammation

Tangled Neurons

• A

Neurodegeneration

.%20https:/doi.org/10.1371/%20journal.pone.0204941


P. gingivalis infection 

• Perio or GI

• Transits via 
bloodstream, 
trauma, 

• Genetic Risk 

• apoE4, TLR4, TREM2, 
CR1, compliment

Invasion of the brain 

• P. g is asaccharolytic

• Secretes ginipans to 
liberate protein (food 
source) 

Host Response

Inflammation

• Train wreck

• Microglia activation 

• Neuroinflammation 
Complement 
induction 
Inflammasome 
Amyloid beta 
production 

Story so far… What do we need to do to prevent the pathology?



Story so far-2
• Identified the presence of this 

keystone pathogen of periodontal 
disease in the brains of AD
subjects.  

• Gingipain was also recovered 
from the brains of individuals 
suffering from AD
– Its concentration correlated with 

tau and ubiquitin pathology
– Neurotoxic in vitro and in vivo 

resulting in detrimental effects to 
tau… 
• Tau is key to AD development



- Hypothesis-
Can inhibition of a key virulence (gp) factor reduce the microbial concentration 

of Pg and in turn alleviate inflammation->disease progression?

1. Tau is fragmented and aggregated 
in the AD brain and by Pg

2. ApoE is attacked by Gingipans in 
the AD brain

3. Amyloid ß, 
Microglia,Inflammasomes and 
Compliment are each activated 
/dysregulated in AD brains 2° to 
PG infection/ Gingipans

4. Neurodegeneration/pathology is 
evident  in concert with PG 
gingipans



Detected gingipan (R) in the Brains of AZ subjects

• Immunohistochemistry looking for evidence of the protease in the tissue
– Brown his bad

• Bottom line… Fig. 2. RgpB colocalizes with neurons and pathology in AD 
hippocampus 



P. gingivalis invades the brain and is correlated 
with Az symptoms and pathology 



Clinical Trial

• Enter inhibitor of lysine gingipain
• Potent Target IC50 <50 pg
• Oral 
• Cross Blood Brain Barrier
• Atuzaginstat (Cor388) -

https://www.clinicaltrials.gov/ct2/results?cond=&term=cor388&cntry=&state=&cit
y=&dist=

• GAIN (GingipAIN Inhibitor for 
Treatment of Alzheimer’s Disease)

• Results in November 2021!

https://www.clinicaltrials.gov/ct2/results?cond=&term=cor388&cntry=&state=&city=&dist=


Trial Design- Did it work?
• 3 groups Double Blind

– Third -80 mg orally twice each day

– Third - 40 mg orall twice each day

– Third – placebo

– N=573

• Enrollment Completed September 
2020

• Interim Analysis, December 2020, no 
sample size adjustment (N=643) with 
periodontal sub-study- 233 subjects 
assessing pocket depth and clinical 
attachment at 6 and 12 months

• Top line Data Next Month!

• Outcomes  →

Outcomes
Co-Primary: 
ADAS-Cog11 and ADCS-ADL (AD standard 
scoring systems)
Secondary: 
CDR-SB, MMSE and NPI 
Exploratory: 
Winterlight, MRI (hippocampal volume and 
cortical thickness)

Biomarkers of Pg and gingipain activity –
Blood saliva, and oral microbiome

Biomarkers of AD CSF, Aß, tau and p-tau

Diagnostic Markers of disease modification- MRI 
volumetric measures

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5929311/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4021450/


Putting it all together- Why it might work

https://player.vimeo.com/video/333736696

https://player.vimeo.com/video/333736696


Story is getting interesting-2021
• Gingipans identified in >90% of AZ brains
• Mice and rat studies have shown that P.g. invades the 

brain after oral infection and triggers AD pathology.
• apoE4 greatest genetic risk factor for sporadic AD and 

ApoE fragments are recovered from AD patients.  
• Protease responsible unknown… until now…
• New data suggest Gingipans directly cleave ApoE in vivo, 

specifically ApoE4 

• CSF evaluated from a 28-day phase 1b clinical 
trial of atuzaginstat, a brain-penetrant 
gingipain inhibitor, in mild-to-moderate AD 
patients revealed a significant reduction of low-
molecular-weight ApoE fragments compared to 
placebo that was strongly correlated with a 
reduction in the pathologic decline of CSF Aβ 1-
42 levels



How can you help?
1. Appreciate how perturbations to periodontal health 

can introduce a member of the host’s microbiome to 
host niche with unintended consequences  

2. Evaluate whether periodontal dysbiosis is causally 
linked to the Alzheimer’s Disease pathology 

3. Discuss how inhibiting a key virulence factor of a 
microbe associated with periodontal  disease might 
arrest the development of Alzheimer’s Disease 
Pathology
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Thank you!

Questions?
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