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Rationale 

 No effective method is available for preventing and/or treating this devastating 
disease.  
 

 However, certain individuals of the elder population (≥ 85 years) remain cognitively 
intact, including some with substantial plaques and neurofibrillary tangle burdens, 
the two pathological hallmarks for fully symptomatic AD.  
 

 The mechanisms of cognitive resilience and protection against AD in these elderly 
persons remain elusive.  



Overall Goals 
This grant aims to systematically develop and validate molecular network models 
underlying cognitive resilience to AD risk.  
 
 Generate and analyze an AD-resilient dataset comprised of matched genetic, 

transcriptomic and proteomic data from a large number of very old and AD-
resilient human brains 
 

 Build network models of cognitive resilience to AD 
 

 Extensively validate network drivers using C. elegans and mouse models. 



subset samples
Alzh_PFC 310
Alzh_CR 263
Alzh_VC 190
Norm_PFC 153
Norm_CR 128
Norm_VC 121

Zhang B et al. (2013). Cell 153(3) 

Overview of HBBAD Cohort and Analysis Flow 


hbtrc_subset_genes_overlap

		overlap		Alzh_PFC		Alzh_CR		Alzh_VC		Norm_PFC		Norm_CR		Norm_VC		Hunt_PFC		Hunt_CR		Hunt_VC

		Alzh_PFC		13193		10542		11022		10831		10297		10586		11323		10082		11023

		Alzh_CR		0.8		13193		10451		9895		11330		10152		10314		11100		10398

		Alzh_VC		0.84		0.79		13193		10107		10197		10693		10875		10116		11206

		Norm_PFC		0.82		0.75		0.77		13193		9940		10493		10496		9511		10214

		Norm_CR		0.78		0.86		0.77		0.75		13193		10253		10075		10649		10200

		Norm_VC		0.8		0.77		0.81		0.8		0.78		13193		10456		9687		10654

		Hunt_PFC		0.86		0.78		0.82		0.8		0.76		0.79		13193		10182		11171

		Hunt_CR		0.76		0.84		0.77		0.72		0.81		0.73		0.77		13193		10285

		Hunt_VC		0.84		0.79		0.85		0.77		0.77		0.81		0.85		0.78		13193
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Gene Modules Associated with AD Pathology 

Zhang B et al. (2013). Cell 153(3) 



Brain regions rank-ordered by the relevance to AD pathology 

Region Full Nmae
BM10-FP Frontal Pole
BM17-OVC Occipital Visual Cortex
BM20-ITG Inferior Temporal Gyrus
BM21-MTG Middle Temporal Gyrus
BM22-STG Superior Temporal Gyrus
BM23-PCC Posterior Cingulate Cortex
BM32-AC Anterior Cingulate
BM36-PHG Parahippocampal Gyrus
BM38-TP Temporal Pole
BM4-PCG Precentral Gyrus
BM44-IFG Inferior Frontal Gyrus
BM46-PFC Dorsolateral Prefrontal Cortex
BM7-SPL Superior Parietal Lobule
BM8-FC Prefrontal Cortex
BMa-AMYG Amygdala
BMb-CD Caudate Nucleus
BMc-HIPP Hippocampus
BMd-NAc Nucleus Accumbens
Bme-PT Putamen

Wang MH, et al. Genome Medicine 8:104 


AD-Hary2-Sample-module_infor

		Region		Full Nmae		# of arrays						# of module genes		max module size		min module size

		BM10-FP		Frontal Pole		63						29172		5192		20

		BM17-OVC		Occipital Visual Cortex		53						31915		4802		20

		BM20-ITG		Inferior Temporal Gyrus		58						30033		3837		20

		BM21-MTG		Middle Temporal Gyrus		58						31703		8368		20

		BM22-STG		Superior Temporal Gyrus		60						27981		6469		21

		BM23-PCC		Posterior Cingulate Cortex		58						23657		4032		20

		BM32-AC		Anterior Cingulate		59						28640		4632		20

		BM36-PHG		Parahippocampal Gyrus		60						27616		4717		20

		BM38-TP		Temporal Pole		58						26245		3304		20

		BM4-PCG		Precentral Gyrus		49						26208		3628		20

		BM44-IFG		Inferior Frontal Gyrus		53						29125		3958		20

		BM46-PFC		Dorsolateral Prefrontal Cortex		57						27060		5170		20

		BM7-SPL		Superior Parietal Lobule		50						29658		6476		20

		BM8-FC		Prefrontal Cortex		56						29288		5878		22

		BMa-AMYG		Amygdala		51						24431		5816		22

		BMb-CD		Caudate Nucleus		52						32189		4388		22

		BMc-HIPP		Hippocampus		55						29268		12688		20

		BMd-NAc		Nucleus Accumbens		51						25713		3285		20

		Bme-PT		Putamen		52						30618		5666		20

		Total				1053						540520		102306		387







Selective Myelination Vulnerability of 19 Brain Regions to AD 

Wang MH, et al. (2016)  
Genome Medicine 8:104;  
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BM44-IFG (Inferior Frontal Gyrus) 

BM22-STG  
(Superior Temporal Gyrus) 

BM36-PHG (Parahippocampal Gyrus) 

 Transcriptomics (RNA-seq) – 4 brain regions  
 Proteomics (BM10, BM36 ongoing)  
 Whole Exome Sequencing 
 Whole Genome Sequencing 

Demographic characteristics of MSBB AD samples 

The Mount Sinai Cohort of Large-scale Genomic, Transcriptomic 
and Proteomic Data in Alzheimer's Disease 

Wang MH et al. Nature Scientific Data (in press) 





Approaches 



Subgroups of Interest 

OONL (oldest/old normal): Very old (age of death 
(AoD) ≥ 85) AD-resilient 
YONL (young/old normal): Young (AoD < 85) 

healthy 
OOAD (oldest/old AD): (AoD ≥85) AD  
YOAD (young/old AD): Young (AoD < 85) AD.  



Data Generation (Prefrontal Cortex) 

New 

113 

137 

Total 

227 

250 
192 

107 



Differential Analysis of the MSBB-AD Data 

A) Trend analysis identified HLA-
DPA1 with the most significant up-
regulation trend.  

B) Expression of HLA-DPA1 protein 
in the temporal cortex of young-old 
and oldest-old persons with and 
without dementia.  



Differential Analysis of the ROSMAP Data 



Differential Analysis of the ROSMAP Data 



Summary & Future Work 
The framework of multiscale network modeling of AD has been 

extensively validated.  
Preliminary analysis of three large transcriptomic datasets identified 

novel subnetworks and key regulators of resilience to AD. 
RNA-sequencing and proteomic profiling of a large number of AD-

resilient and contrast groups are undergoing.  
Future work 
Integrate multi-Omics data into high-resolution network models 

of resilience to AD 
Screen a large number of candidate drivers in vivo 
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