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Introduction & Rationale



The human gut microbiome plays a role in 
the pathology of several illnesses

Gastrointestinal 
disorders

IBD, IBS, Crohn's

Cardiovascular 
disease

Cancer
colon

Neurological 
disorders
PD, AD, autism

Obesity
metabolic syndrome

Hundreds of species, thousands of 
strains in the gut microbiome
51% Firmicutes, 48% Bacteriodetes
(The Human Microbiome Project, ‘12)



My research has studied neurological disorders 
related to the microbiome

Gastrointestinal 
disorders

Cardiovascular 
disease

Cancer

Neurological 
disorders

Obesity



Today’s scope focuses on neurodegeneration and 
Alzheimer’s disease (AD)

Alzheimer’s 
disease (AD)
60 - 80% of all 
dementias

Neurodegenerative 
diseases (ND)

Neurological 
diseases and 

disorders

Non-neurodegenerative 
diseases (e.g. Autism, 
and Major Depressive 
Disorder (MDD))

Parkinson’s 
disease  (PD), 
vascular 
dementia (VD), 
etc.

Gut 
microbiome



The Gut-Brain Axis: a multi-organ network that bidirectionally 
communicates with the human gut microbiota

GBA comprises:

● brain and nervous system

● immune system

● gastrointestinal system

● endocrine system

● metabolic pathways 

between
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GBA affects:

● GI motility

● Gut permeability

● Mood

● Inflammation

○ Susceptibility to 

infection or 

disease

● Metabolism(adapted from Xueling et al. ‘21)



Risk of developing AD is strongly linked to 
apolipoprotein ɛ4 (ApoE4) genotype and 
neurotoxicity

11x riskMost 
common

ApoE4 is present in 
20-25% of the 
population but carriers 
represent 60-75% of all 
clinical AD cases

(Mahley ‘16)



(Uddin ‘18)

(Daggett et al. ‘18)

AD pathology is characterized by Amyloid-β (Aβ) formation and 
deposition...but it doesn’t tell the whole story

(UC Berkeley website - Landau and Jagust ‘12)

(UC Berkeley website - Landau and Jagust ‘12)



AD pathology demonstrates significant 
differences in microbiome composition and gut 
inflammation compared to healthy controls
AD is linked to:

– Decreased microbiota diversity
– Lower production of butyrate 

(beneficial SCFA from gut 
microbes)

– Different microbiome composition
– High inflammatory states (brain 

and gut)

Modulating the gut microbiome in animal 
models also affects Aβ deposition

Key differences between AD patients and controls:

(Vogt ‘17)



Constipation precedes neurodegenerative 
diseases such as Parkinson’s disease (PD). It 
has been linked to AD as well.
Before diagnosis and any motor, cognitive, or other neurological 
symptoms, constipation has been found to precede PD. 

In one study, 53.6% of PD patients reported constipation compared 
to 8.3% in the controls. 

87% (n = 27/31) of PD patients reported constipation before onset 
of motor symptoms (Cersosimo et al.)

Several studies implicate constipation as a risk factor to the 
development of ND.

Does constipation appearing in pre-clinical patients hint at future 
development of AD? Is the GBA a path to understanding new ways 
of treating AD?

Constipation has been linked to both PD 
and AD (Winge et al. ‘03) (Yu et al. ‘18) 
(Kim et al. ‘19, Zhang et al. ‘18). 

(Zhang ‘18)



Current Progress



Hypotheses

Can constipation as a reported symptom be detected in the molecular 
phenotype of the host and in the commensal microbiota? 

Does ApoE4 drive any molecular phenotype or microbiota differences 
at the pre-clinical stage?
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Arivale data set



Experimental Approach: Arivale cohort of individuals with 
multi-omics data analyses
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Genotype

Microbiome Host ‘omics

Constipation

Types of Data to Integrate/Merge Genotype n
Apoe4 hetero 723

Apoe4 homo 53

Non-Apoe4 2678

Phenotype n
Constipated 83

Unconstipated 2644

Constipated = bowel movements
<= 2x / week
Unconstipated > 2x/week

Microbiome: 16S ribosomal RNA 
gene amplicon sequencing
Statistical Analysis: Corncob for microbiome, 
LIMMA for omics and clinical labs, significant 
differences identified



Significantly higher Shannon Index in constipated individuals 
(ANOVA)

Diversity Indices (Shannon and Simpson Index) between constipated and unconstipated 
Arivale individuals

Shannon
Simpson



Results: When controlling for age, sex, and vendor, 14 taxa were 
significantly overrepresented in constipated individuals versus the 
unconstipated

● Tissierellaceae
● Ruminococcaceae 
● Christensenellaceae 
● Coriobacteriaceae 
● Actinomycetaceae

● Eubacteriaceae 
pseudoramibacter

● Mogibacteriaceae
● Erysipelotrichaceae 
● Coriobacteriaceae
● Dethiosulfovibrionace

ae

(Vogt et al. ‘17)

Results: Taxonomic Classification (Family)Vogt’s AD gut microbiome versus controls

These taxa are enriched in the 
constipated but decreased in Vogt’s AD 
study.

Perhaps constipation at the pre-clinical 
stage exhibits higher diversity 
(Shannon) and later on, diversity drops, 
composition changes?



Results: When controlling for age, sex, and vendor, 14 taxa were 
significantly overrepresented in constipated individuals versus the 
unconstipated

● Tissierellaceae 
● Ruminococcaceae 
● Christensenellaceae 
● Coriobacteriaceae 
● Actinomycetaceae

● Eubacteriaceae 
pseudoramibacter

● Mogibacteriaceae
● Erysipelotrichaceae
● Coriobacteriaceae
● Dethiosulfovibrionace

ae

Results: Taxonomic Classification (Family)Differential Abundance (negative means 
enriched in constipation)



Results: We see a story developing with significant metabolites 
being enriched in constipated individuals
Metabolites ~ constipation + sex + age

Pregabalin (Lyrica) and 
S-carboxymethyl-L-cysteine (Carbocisteine) 
both have GI symptoms as side effects.

1-margaroyl-2-docosahexaenoyl-GPC is a 
phosphatidylcholine metabolite, essential to 
lipid metabolism, cell membrane structure and 
signaling, and methyl-group metabolism. 
Phosphatidylcholines are ubiquitous, but 
those produced by the microbiota have been 
linked to atherosclerosis and heart disease 
(Ierardi ‘15).

Phenylalanylphenylalanine is an incomplete 
byproduct in amino acid metabolism.



Results: Vitamin D3, Folic Acid, and HOMA-IR are significant clinical 
chemistries in constipated or APOE4 individuals

Constipation: APOE4:
ID: Adj 

P-Value:
B:

Folic Acid: 0.01251 0.535

HOMA-IR: 0.01251 -0.145

Vitamin D3: 1.967e-06 9.176

Vitamin D3 depleted in ApoE4 individuals, Folic Acid decreased, HOMA-IR increased in 
constipated individuals



Results: Vitamin D3, Folic Acid, and HOMA-IR levels are significantly 
different in constipated or APOE4 individuals

Constipated Unconstipated

ID: Adj 
P-Value:

B:

Folic Acid: 0.01251 0.535

HOMA-IR: 0.01251 -0.145

Vitamin 
D3:

1.967e-06 9.176

(Axis cut-off at 75)



Future Research



The Big Picture



Arivale dataset reveals metabolic signatures of 
healthy and pre-ND individuals, bringing 
insights to ND pathology

- Host multi-omics
- Clinical data
- Gut taxa data

Pre-clinical stages
Relatively healthy*
Ages: 18-87

Mild Cognitive 
Impairment (MCI) & early 
ND

Time & Risk Factors
Disease 
progression

*patients may have other diseases/clinical/medication 
history and some may or may not eventually develop ND

- Public Datasets
- Literature

ND & Mild - 
Severe Dementia

- Public Datasets
- Literature
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Arivale



All clinical trials for AD have failed...could the 
microbiome be an important part of the holistic 
picture of AD pathology?
ACTIVE is the only successful lifestyle 
intervention clinical trial for dementia. 
Participants had 6% lower incidence 
of dementia if they agreed to 6 wks of 
“cognitive training.”

All clinical trials for AD drugs 
focusing on amyloid-beta have failed. 
The one FDA drug approved for AD 
(aducanumab, 2020) is highly 
controversial and its efficacy is dubious.



Will AD prevention and treatment of the 
future involve microbiota interventions?
Fecal Microbiota Transplant (FMT) may be a 
future therapy for ND. 

Rifampicin (antibiotic) has been given to AD 
mouse models, and brain Aβ levels and 
inflammatory cytokines decreased (Yulug ‘18). 
Minocycline does the same as well as reduce 
microglia activation (Budni ‘16).

Perhaps antibiotics or probiotics of the future 
could treat AD!



Constipation may contribute to an 
increased risk in ND development

Perhaps in the future, lifestyle modifications 
can reduce risk of ND or AD (fiber/diet change 
to alter gut motility + corrective antibiotics)?



APOE proteomics and metabolites did not appear not significant, nor did 
constipation proteomics

Metabolites ~ APOE + sex + age + vendor

Blue: Adj P < 
0.05
(None)

Proteomics ~ APOE + sex + age

Blue: Adj P < 
0.05
(None)

Blue: Adj P < 
0.05
(None)

Proteomics ~ constipation + sex + age
-lo

g1
0(

P
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)

APOE4 appears to have a separate impact on the host than thru plasma metabolome or proteome



Current Next Steps

1. Comparing to public 
datasets/literature

2. Integrating medical diagnosis and 
medication history into model.



Considerations, pitfalls and alternative 
approaches
Data and Biases:
Limited to 16s data versus WGS data for the microbiome. 
Not every individual provided both blood and stool 
samples. The cohort skews wealthier volunteers, 
therefore healthier. Blood and stool draws are not 
necessarily on the same day.

Confounding/Hidden Effects:
Include medications and certain diagnoses as covariates 
into the model (e.g. laxatives, antibiotics, or some GI 
disease).

Alternative Approaches:
Stratify by age bins (e.g. 0 - 20 yrs, etc.). 
Model each sex independently (women are 2x as likely to 
get AD versus men, also because they live longer)

(Chene et al. ‘15)



Summary
Hypotheses

● Can constipation as a reported symptom be detected in the molecular phenotype of 
the host and in the commensal microbiota?

● Does ApoE4 drive any molecular phenotype or microbiota differences at the 
pre-clinical stage?

Experimental Approach
● Using Arivale, we assemble a cohorts of individuals with reported constipation/no 

constipation and those with ApoE4 genotype information.
● LIMMA and Corncob linear regression and FDR adjustment for statistics.

Results
● 14 taxa appear enriched in constipation
● 4 metabolites enriched in constipation
● 2 clinical chemistries, one enriched, one depleted in constipation
● 1 clinical chemistry depleted in APOE4 individuals
● No significant differences noted in proteomics.  



Q&A



R21 NIH Grant Proposal: 
Understanding Associations 
Between Blood-Derived 
α-diversity of the Gut 
Microbiome and COVID-19 
Disease Severity and 
Outcomes
August 19, 2021
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Significance, Innovation, and Approach
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BLGMA interacts with 

SARS-CoV-2 by:

● Replicating in 

ACE2-expressed tissue (GI 

tissue)

● Immune response in lungs

● Gastrointestinal 

dysfunction

● Systemic inflammation

● “Cytokines storm”
(adapted from Villapol et al. ‘21)



ACE2 immunofluorescence and histological 
staining display GI tissues with ACE2

COVID-19 patient histological 
slides of GI tissue reveal areas of 
the body where SARS-CoV-2 
invades during COVID-19 
infection.

(Xiao et al. ‘20)



COVID-19 patients have significantly different 
microbiota during and after hospitalization

(Yeoh et al. ‘21)



Blood plasma-derived ɑ-diversity has not been 
tested or validated on COVID-19 patients yet...
Ecology: ɑ-diversity is mean species diversity of a local area

(Adapted from Torres ‘19, medium.com) (Pakpour et al. ‘17)



Predicting gut microbiome diversity using  
blood metabolites
40 blood plasma serum metabolites found 
to be significant in explaining almost half 
of the variation in gut microbiota in Arivale 
patients



Significance and Innovation
– COVID-19 is a devastating 

pandemic (4 million deaths) 
urgently needing diagnostic and 
treatment solutions.

– COVID-19 viral load is usually 
highest early in illness during first 
onset of GI symptoms (early 
diagnosis potential).

– Most treatments focus on the 
lungs, although the gut also 
modulates inflammatory response 
in the lungs during respiratory 
infection.



Approach: determine blood-derived ɑ-diversity of INCOV 
COVID-19 trial patients and validate with fecal samples 
collected afterward

215 INCOV trial participants

Deep phenotyping (genotype 
information, blood metabolomics, 
blood proteomics, clinical histories 
and chemistries, WHO scores, gut 
microbiome, and single-cell RNA-seq 
data for immune cells)

Active 
disease

Convalescen
ce

blood blood
stool



Considerations, pitfalls and alternative 
approaches
Data and Biases:
No control over how long it has been since original blood draw to stool 
sample collection. Current scope does not include more than one stool 
sample collection.

Pitfalls:
The stool samples are during convalescence instead of active disease; 
COVID microbiome differences before/after convalescence, so model 
accuracy might be affected.

Unknowns:
Effects of Long-COVID on the microbiome compared to those who do 
recover.

Alternative Approaches:
Other approaches may include more blood draws or stool samples for 
longitudinal analysis against long-COVID, but for validating a 
blood-derived diversity model, one stool sample collection should suffice.



Aim 1) Predict alpha-diversity from blood 
of COVID-19 patients in INCOV trial 
Sub-Aim 1.1) create a statistical 
model to predict alpha-diversity 
from first blood samples.

Sub-Aim 1.2) Validate model with 
follow-up fecal samples.



Aim 2) Use metabolic alpha-diversity to 
examine correlation with disease severity and 
outcomes

Examine WHO Severity Classification, clinical chemistries, etc. to determine if diversity 
associates with COVID-19 disease progression, outcome, and long-term symptoms of 
cohort.



Summary
Significance

● COVID-19 is a serious illness that needs new diagnostics, treatment, and 
understanding

● The gut microbiome and GI tract are involved in the BLGMA and appear to play a 
role in COVID-19.

Innovation and Approach
● We can predict alpha diversity of the gut microbiome using blood metabolomics.
● This hasn’t been done yet with COVID-19 patients.
● Here we propose doing so with the INCOV trial, collecting stool samples on patients 

from this deeply phenotyped dataset.
Aims

● Create a statistical model of blood metabolomics-derived alpha-diversity
● Validate statistical model with fecal samples
● Use model to assess correlation with disease outcomes and severity



Timeline

Timeline: 0 - 3 months 3 - 6 months 6 - 9 months

Aim: 1.1, 1.2 1.2, 2 2

Duration: 3 months 3 months 1-3 months
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