
Molecular drivers of Alzheimer's disease 
resilience through genomic and 

proteomic analyses
Timothy Hohman, PhD
Professor of Neurology 

Vanderbilt University Medical Center

May 14, 2024



Computational Neurogenomics Team (CNT)

Timothy Hohman 
PhD

Logan Dumitrescu 
MS, PhD

Derek Archer 
PhD

Abel Belachew 
MS

Tonnar Castellano
MS

Michelle Clifton 
MS

Alaina Durant Vaibhav Janve 
PhD

Julia LibbyAditi Sathe
MS

Shannon Turner

Skylar Walters, 
MS

Yiyang Wu 
MD, PhD

Jane Zyski 
MHA

Ting-Chen WangJared Phillips

Faculty

Staff Scientists and Staff Data Analysts Past Trainees

Program Managers

Melisa Lara Gomez

Alexis Smith
MS

Alex Contreras Emma Nolan 
MS

Emily Mahoney Dimitrios Zaras
PhD

Graduate Students

Rebecca Winfree
PhD

Mabel Seto
PhD

Jackie Eissman
PhD

Annah Sclafani
PhD

Hui Shi, MS Edward Miller 
MIT

Anna Lorenz
MsC



Precision Medicine in AD

Ferretti et al., Nature Reviews Neurology, 2018



Drug Discovery Framework in the Computational Neurogenomics Team
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Explosion of Big Data in Alzheimer’s Disease

Genomics Molecular 
Biomarkers

Structural 
Brain Imaging Cognition



Integrating AI into Genomic Discovery at NIA
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Discover
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Disease

Sequencing
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Large Cohort 
Study Data 
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AI-Driven Gene 
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Validated Gene 
Targets



New ADSP Programs



National Cell Repository for AD
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Amyloid PET Harmonization

Stuctural T1 MRI Harmonization



Data Harmonized in Year 2

Cohort Autopsy Vascular 
Risk Factors Cognition Fluid 

Biomarker

Diffusion 
Tensor 
Imaging 

(DTI)

Fluid 
Attenuated 
Inversion 
Recovery 
(FLAIR)

Magnetic 
Resonance 

Imaging 
(MRI)

Freesurfer 

Magnetic 
Resonance 

Imaging 
(MRI)
MUSE

Positron 
Emission 

Tomography 
(PET) 

Amyloid

Positron 
Emission 

Tomography 
(PET) 
Tau 

TOTAL 23,020 57,083 83,548 3,047 2,830 10,020 7,679 10,590 7,602 1,836

A4 0 0 6,595 0 0 1,198 0 0 4,486 447

ACT 532 0 5,546 0 0 0 0 0 0 0

ADNI 0 1,577 3,539 1,249 1,198 7,054 2,560 2,592 1,803 944

EFIGA 0 5,965 6,903 0 0 0 0 0 0 0

Knight 
ADRC 0 0 2,477 64 0 0 0 0 0 0

NACC 19,899 41,172 41,538 2,094 646 0 3,690 5,004 920 102

NIA-AD 
FBS 570 405 4,564 0 0 0 0 0 0 0

ROS/MAP/
MARS 2,019 4,500 4,550 0 643 0 0 1,183 0 0

WHICAP 0 1,830 6,257 0 0 1,768 929 1,197 0 0

WRAP 0 1,634 1,579 0 343 0 500 614 393 343



Freeze 2: Harmonized Data with Sequence Data

Cohort Autopsy Vascular 
Risk Factors Cognition Fluid 

Biomarker

Diffusion 
Tensor 
Imaging 

(DTI)

Fluid 
Attenuated 
Inversion 
Recovery 
(FLAIR)

Magnetic 
Resonance 

Imaging 
(MRI)

Freesurfer 

Magnetic 
Resonance 

Imaging 
(MRI)
MUSE

Positron 
Emission 

Tomography 
(PET) 

Amyloid

Positron 
Emission 

Tomography 
(PET) 
Tau 

TOTAL 6,795 15,565 25,278 2,034 967 3,278 3,630 4,329 4,955 912

A4 0 0 3,373 0 0 963 0 0 3,378 345

ACT 532 0 1,337 0 0 0 0 0 0 0

ADNI 0 876 1,546 1,165 502 1,009 1,558 1,564 1,128 321

EFIGA 0 1,183 1,248 0 0 0 0 0 0 0

Knight 
ADRC 0 0 837 64 0 0 0 0 0 0

NACC 4,908 10,872 10,615 805 203 0 1,056 1,462 213 26

NIA-AD 
FBS 262 28 553 0 0 0 0 0 0 0

ROS/MAP/
MARS 1,093 1,254 1,271 0 77 0 0 165 0 0

WHICAP 0 604 3,786 0 0 1,306 712 770 0 0

WRAP 0 748 712 0 185 0 304 368 236 220

https://dss.niagads.org/
December 2023 

Sample sizes reflect individuals with ADSP 
sequencing data, with exception to A4, which 
will have sequenced data available in R5. 

https://dss.niagads.org/


Exploring the Genetic Architecture of AD Leveraging Endophenotypes



Explorations into the Genetic Architecture of Memory

CR1

BIN1
PICALM

APOE

26,633 participants over
129,201 longitudinal visitsArcher et al., Alzheimer’s & Dementia, In Press 32,427 Participants including 

4,453 non-Hispanic Black

Sex Differences in APOE
Language 

Performance
Executive 

Functioning
Memory 

Performance 

APOE-ε4

APOE-ε2

Walters et al., JAMA Neurology, 2023

GWAS of Memory Performance

Sex-Specific GWAS of Memory

Eissman et al., Alzheimer’s & Dementia, In Press
26,633 participants over
129,201 longitudinal visits



Sex-Specific Genetic Drivers of Language

VRK2

Nmales    = 15,493
Nfemales = 20,681 

Jackie Eissman 
PhD

Eissman et al., In Preparation



Sex Differences in VRK2 Association with Language
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VRK2 Association with other Neuropsychiatric Traits

VRK2

Developmental Stuttering
Below et al., 2023

Bipolar Disorder
Li et al., 2021

VRK2

Musical Beat Synchrony
Niarchou et al., 2022 Language Connectivity

Mekki et al., 2022

Schizophrenia
PGC, 2014



Integrative Analysis for More Precise Phenotypes



Integrative Analytics
Applying Advanced Algorithms to Increase Statistical Power

Autopsy Aβ

Amyloid PET

CSF Aβ 

Integrating Across Modalities
Mixed Effects Sigmoidal Model



Resistance and Resilience

Risk Factors

Resilience

Cognitive
Impairment

Resistance

Amyloid Tau Brain 
Atrophy



Approximating Resilience w/o Path Measures

Mixed Effects Model Predictors: 
Age, Sex, Race, APOE, Baseline Performance, 
Time and 3-way Interactions

Variance explained = 26%
Sample Size (3+ Visits) = 20,339Si

lv
er

 M
od

el
Go

ld
 M

od
el Mixed Effects Model Predictors: 

Age, Sex, Race, APOE, Pathology, Baseline 
Performance, Time 
and 3-way Interactions

Variance explained = 55%
Sample Size: 5,107

Gold Standard Results Silver Standard Results

No Pathology
Pathology+

APOE4-
APOE4+

Jared Phillips
Graduate Student



New Resilience and Resistance Loci

PAX6

KIRREL3

APOE

Phillips et al, In Preparation Castellano, ... Koran, In Preparation



Deep Molecular Characterization of High Quality Candidates



Drug Discovery Framework in the Computational Neurogenomics Team

AD Sequencing Project 
Phenotype Harmonization

Filtering & 
Screening

Molecular Target Specification
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Vascular Endothelial Growth Factor
CSF VEGF Levels Associated with Slower 

Future Cognitive Decline

(Hohman, Bell, & Jefferson, JAMA Neurology, 2015) Ruiz et al., 2009. Physiol Rev.

PGF VEGFDVEGFB VEGFCVEGFA

NRP2NRP1
FLT4FLT1 KDR

Angiogenesis

Neurotrophic Signaling

Microglial Proliferation



VEGF Transcript Association in the Brain
Brain Expression of Vascular Endothelial Growth Factor

Mahoney et al., 2021, Molecular Psychiatry

Replication in Independent Dataset

Emily Mahoney



FLT1 and VEGFB Robustly Relate to AD outcomes
Mabel Seto, PhD

Seto et al., Neurobiology of Aging, 2023



Confirming snRNA Associations in Prefrontal Cortex

Wu et al., In PreparationSample size: 424 



Post-translational Modifications
FLT1 Ubiquitination is Upregulated in AD



FLT1 is a Druggable Target

https://agora.adknowledgeportal.org/

https://agora.adknowledgeportal.org/


Drug Discovery Framework in the Computational Neurogenomics Team

AD Sequencing Project 
Phenotype Harmonization

Filtering & 
Screening

Molecular Target Specification

Di
sc

ov
er

y 
Pl

at
fo

rm
Va

lid
at

io
n 

Pl
at

fo
rm

N
om

in
at

ed
, 

Va
lid

at
ed

, 
Pr

io
rit

ize
d 

Ta
rg

et

FDA Approval 
Process

Preclinical 
Studies

Genetically Diverse Mouse 
Models of AD

Human Cell Lines

Human Genomic EvidenceEvidence from Model AD

Mouse Cell LinesHuman Biospecimen

Pr
io

rit
iza

tio
n 

Pl
at

fo
rm



Collaborations to Move Targets Forward
Sex-Specific Discovery in Mouse Sex-Specific Discovery in Human Brain

Sex-Specific Mechanistic Exploration in Mouse

Protocol 
Alignment 

Identify Consensus Candidates Human and Mouse Brain

Genomic Association with AD Endophenotypes 

Bioinformatic Filtering for Druggability & Known Therapeutics

RNA Scope Validation

APOE SERPINB6 KDM6A ?? ??



Exploring Sex Differences with Single Cell Resolution

Green et al., preprinthttps://www.biorxiv.org/content/10.1101/2023.03.07.531493v1

https://www.biorxiv.org/content/10.1101/2023.03.07.531493v1


Striking Sex Differences in Immune Cells in AD

CD99 is Downregulated during AD 
in Endothelial Cells

Yiyang Wu, MD, PhD
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