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Alzheimer’s Disease Is Defined by Distinctive Brain Pathology 

✦ Senile Plaques 
 Extracellular Deposition of Fibrillar β-Amyloid (Aβ) 

Peptide 

 

✦ Neurofibrillary Tangles (NFTs) 
 Intracellular Accumulation of Hyperphosphorylated 

MAPT Protein 
 Also Observed in Other Neurodegenerative Diseases 

(FTDP, PSP, etc.) 

Graeber and Mehraein, Eur. Arch. Psychiatry Clin. Neurosci., 249:S10-S13, 1999 



Alzheimer’s Disease Genetics 



Alzheimer’s Disease Mouse Models: Aβ Deposition 

Radde et al., EMBO Rep., 7:940-946, 2006 



Alzheimer’s Disease Mouse Models: Tau Pathology 

Andorfer et al., J. Neurochem., 86:582-590, 2003; Andorfer et al., J. Neurosci.. 25:5446-5454, 2005  



Therapies Developed in Mouse Models of AD 

Anti-Amyloid 

Therapies  

Anti-Tau 

Therapies  

 Antibodies 
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 Aggregation 
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 Antibodies 

 Kinase  

Inhibitors 

 Aggregation  

Inhibitors 

99.6% fail on 
clinical trials  

Cummings et al., 2014 



Reasons for Clinical Trials Failure? 

Stage of Disease Targeted 

(Current Phase III Clinical Trials) 

Mechanism of Delivery 

Suitability of the Patient Population 

Face and Construct Validity  

of the Animal Models 

Effective Target Engagement; 

 Off-Target Effects;  

Suitability of the Target 



Models Do Not 

Develop Robust 

Neurodegeneration 

Reproducibility of Findings in 

Models and Relating to Human-

Relevant Biomarkers 

Appropriate Species? 

Largely Focused 

on Early-Onset 

AD Mechanisms 

Many Models 

Generated/Maintained 

on Hybrid Genetic 

Backgrounds 

Toxic Effects of 

Overexpression of 

Transgenes  

Difficulties in Relating Behavioral 

Deficits Observed in Mouse Models to 

Human AD 

Legal Restrictions for 

Some Models 

Concerns with Existing Animal Models 



• Develop the next generation of in vivo models based on human data to explore Alzheimer’s and related dementia 

• Establish a standardized and rigorous process for the development and characterization of animal models, and 

ensuring their maximal and rapid availability to all researchers for preclinical drug development 

• Align the pathophysiological features of AD animal models with the corresponding stages of clinical disease using 

translatable biomarkers 

• Establish guidelines for rigorous preclinical testing in animal models and reporting of both positive and negative 

findings 

NIA Funding Initiative RFA AG16-04  

MODEL-AD Consortium 

Model Organism Development and Evaluation for 

Late-onset Alzheimer’s Disease 

U54 AG054345 (IU/JAX), U54 AG054349 (UCI) 

Expand animal model resources for basic research and preclinical testing of candidate therapeutics with 

50 new mouse models of AD and AD pathology. 

 

Recommendations from 2015 AD Summit 



MODEL-AD Consortium 

U54 AG054345  U54 AG054349  



Overall MODEL-AD Goals 

• Prioritize LOAD variants for animal modeling 

• Create new mouse models with CRISPR (piloting rat models) 

• High-capacity screening of all models, deep phenotyping of promising models 

• Alignment of mouse and human phenotypes (neuropath, ’omics, imaging) 

• Preclinical testing of the most promising models and therapeutics 

• Broad, unrestricted distribution of all data and models 

Bioinformatics and Data 

Management Core 

The Jackson Lab    Sage 

Bionetworks 

Indiana U    UC Irvine 

Disease Modeling Project 

The Jackson Lab 

Indiana U    UC Irvine 

Preclinical Testing Core 

Indiana U    The Jackson Lab 

Sage Bionetworks 

New 

Models 

Early Onset  

AD (< 5%) 

Late Onset 

AD (> 95%) 

Existing 

Models 



Leveraging the AD Data Universe 



IU/JAX: Variant Prioritization 

• Significance in multiple studies 

• Predicted effect on function 

• Human-mouse sequence conservation 

• Differential expression in AD 

MODEL-AD 

Lipid homeostasis/vascular 

APOE, APOC1, 

MTHFR  

ABCA7 FERMT2, 
SORL1 

CLU 

Immune  

CR1, CD33, 

TREM2, MYO1C, 

PSMA1, HMHA1, 

IL1RAP,TYROBP, 

STAT3, CSF1R, 

SPI1, STAT4, 

PLCG2 

   

 

RHBDF2 

PTK2B, 
PDGFA 

HLA-DRB5 

NCR2, 

PLXNC1 

Membrane/ECM 

WDR81 

CD2AP, INPP5D, MS4A4E, MS4A4A,  

              PVRL2, ANK1, ASGR2, CDH23,  

                     GUCY2D, ITM2C, UNX1, MYO10,  

                            PCNT, PODXL, PSTPIP1,  

                                 SLC15A4, SLC16A3, 

                                  CEACAM1, SNX1 

   

 

Mitochondria MTHFDL1, TOMM40, 

SPG7 

Synaptic Signaling 

BIN1, SCL24A4, 

KCNN4, BCHE, 

SLC6A17, HTR4 
CLASP2 

KIF21B, ERC2, 

PICALM 



IU/JAX: Model Creation and Dissemination 
Now available: 

• Humanized APP (hAβ KI) 

• APOE allele series (ε2, ε3, ε4) 

• TREM2 variants: R47H, Y38C, KO, floxed 

• APOEε4/ε4Trem2R47H/R47H 

Additional variants to CRISPR:  

• 8 variants per year for 5 years 

 New models now available: 

 Abca7 (KO and A1527G) 

 Ceacam1 (KO) 

 Ilarap (KO) 

 Plcg2  (KO and M28L) 

• Combinations of variants for broad pathology 

CRISPR/Cas9 
enabled 

 
 
 

ET Liu et al. EMBO Rep. 2017 



IU/JAX: Model Characterization 

in vivo 

imaging 

Neuro-

pathology 

RNA-seq 
Neuro-

degeneration 

blood 

biomarkers 



IU/JAX: Preclinical Testing 

• Efficacy determined by primary and secondary 

markers specific to the compound 

• Standardization of protocols, strains, and outcome 

measures shared via AMP-AD Knowledge Portal 

• Develop drug prioritization criteria/schema 

• Compounds nominated by scientific community 

and External Advisory Board 

• One strain, 1-2 compounds per year over five 

years 

 

Pharmacokinetics (PK) 

dose-response 

blood, CSF, and tissue analysis 

biomarker assays 

Pharmacodynamics (PD) 
PET, MRI imaging 

molecular signatures (’Omics) 

histopathology 

functional/behavioral tests 

New Model 

genetic model with 

associated molecular 

pathology 



• PTC Supplement (2017):   These supplemental funds will be used to develop and validate a preclinical testing 

pipeline for assessing candidate compounds in Alzheimer’s disease rodent models.  

 

• Rat F344 (2017):   These supplemental funds are being used to characterize and Stage the F344 rat model of 

Early Onset Alzheimer Disease.   

 

• Metabolomics (2017):  These studies will directly complement ongoing studies in AMP-AD led by Dr. Rima 

Kaddurah-Daouk at Duke University, with whom we will collaborate to allow seamless comparison between the 

model and clinical metabolomes.  Animal models used in this study:  5xFAD, APOE4;Trem2R47H; B6. 

 

• Nanostring (2018):  Using AMP-AD data, we propose here to work with NanoString to develop an AD-specific 

panel to evaluate mouse models of AD. 

 

• Drug Selection Criteria (2018): We will develop a front end web portal that will allow users to nominate 

compounds for the PTC pipeline. 

IU/JAX MODEL-AD Supplements 



IU/JAX MODEL-AD Presentations at AAIC 



IU/JAX MODEL-AD Presentations at AAIC 



Human Data 
Maximize human data to 

identify relevant variants 

Other Variants 
Introduce tau and other 

variants 

Aß 
Use hAß mice as platform 

Environmental & Diet 
Introduce risk factors 

Validate and Share 

UCI: Overview of Preclinical Model  
Development for LOAD 



UCI: Goals for the Next Generation Models 

  

  

  

  

Better concordance with 

human pathology. 

Analysis of risk factors 

(i.e., genetic, 

environmental, 

co-morbid conditions, 

etc) 

Physiological levels of AD 

relevant protein such as 

Ab or tau (no ectopic or 

over-expression). 

Identification of 

potential targets 

for therapeutic 

intervention 



UCI: Rationale for Humanizing Aβ in Mice 

Aß | human v. rodent 
Rodent Aß doesn’t aggregate as readily 
(3 amino acid differences: position 5, 10, 13) 

 
Wild-type human Aß KI 

Physiological expression 
Mice express physiological levels of APP under the 

endogenous promoter 

Cre/loxP 
Engineered loxP sites for option to determine if 

pathways are Aß-dependent 

Platform 
hAß KI:  used as a platform to introduce other 

relevant AD genes  
(e.g., tau, ApoE, TREM2, GWAS) 

01 

02 

03 

04 

05 

Regardless of pathway causing s-AD, a mouse  

with human Aß will be required 



UCI: Key Challenges Modeling in Late Onset Alzheimer’s 

KEY 

CHALLENGES 

Humanize 

mouse genes 

Aging/ 

environment 

Multiple 

Pathologies 
Mouse 

Background 

Pathology should ensue 

from aging/ 

environmental factors 

vs. overexpression or 

FAD mutations 

Mouse genetic 

background may have  a 

profound impact on 

phenotype. 

Likely require the 

“humanization” 

of several key 

AD related genes  

Not all human 

pathologies 

may occur in a 

single mouse 

model 



UCI: Strategy of Animal Model Development 

 

  

 

  

GWAS variants 
 
1. Spi1/PU.1 

2. Clusterin 

 
 

 Crosses  

1. hAβ-KIxTrem2 

2. hAβ-KIxApoE 

3. hAβ-KIxTrem2xApoE 

Additional variants in development 
• Humanized MAPT (TAU) via substitution of mouse Mapt locus with human H1c MAPT. 
• Humanized CLU via substitution of mouse Clu locus with human CLU. 
• GWAS variants of SPI1 (PU.1) via CRISPR. 

Platform  
   Humanized  
Aβ and Tau 



UCI: Phenotypic Evaluation 

Network analysis: Molecular 

Profiling (RNA-Seq) 

P<0.05,FDR<0.3 

Neuropathology and Neurodegeneration 

Aβ-plaques Intracellular 
Tangles 

ThioS-iba1 ThioS-GFAP 

hAβ-KI 22mo 

WT-22mo 

H1 

H2 

Behavioral and Cognitive 

Phenotyping 



UCI Supplements 

Quantify hTau 
Mice that express human TAU 

(hTAU) at physiological levels, with 

equivalent expression of the 3R 

and 4R hTAU isoforms, are being 

generated.   
 

Behavior 
Harmonize with data generated by 

IU/Jax and extend the LTP and 

cognitive phenotype 

Single-cell RNA-seq 
Guide human-mouse 

analyses and selection of 

mouse targets.. 

Neuroimaging 
Combine approaches in standard use in 

human imaging with novel ultrahigh 

resolution in vivo and ex vivo imaging aimed 

at histopathological validation, including 

plaque imaging using MRI.   



UCI: Model Production and Dissemination 

Now available: 

• Mouse App expressing humanized Ab 

(floxed). 



Resource Sharing 

Data  
• Mouse genetic information: variant(s), strain background 

• Mouse phenotype data: RNA-seq, imaging, etc. 

• Preclinical data: standards, protocols, results 

• Preclinical results searchable on AlzPED 

Mice  
• Available from JAX mouse repository without restrictions 

 

 

 

Enabling researchers to find the right model 



MODEL-AD.ORG 
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