
RNA BINDING PROTEINS 
ARE ENRICHED IN TAU 

INTERACTIONS IN DISEASE

ABSTRACT
Tau aggregation is the hallmark pathology of many neurodegenerative 
diseases – termed tauopathies. In each tauopathy, tau aggregates have 
unique composition, structure, and location in the brain. How tau 
drives these different diseases remains unknown. Interactome studies 
are a powerful tool to understand tau-mediated disease mechanisms. 
Therefore, we collated all tau interactome data from human (post-
mortem brain and cell models, n = 7) and rodent (n = 5) to identify the 
proteins most consistently interacting with tau. Some of the most 
prolific tau interactors were RNA binding proteins. HNRNPA1, 
HNRNPA2B1 and HNRNPK are the most consistent tau interactors (GO-
Enrichment: RNA Binding FDR = 2.29*10-102, 4/7 studies). To determine 
how these hnRNPs interact with tau we performed a large 
immunohistochemistry study examining hnRNP expression and tau 
pathology in the frontal cortex and hippocampus across; Alzheimer’s 
disease (AD), corticobasal degeneration (CBD), primary age related 
tauopathy (PART), Pick’s disease (PiD), progressive supranuclear palsy 
(PSP), mild cognitive impairment (MCI) and control cases. Surprisingly, 
we observed no colocalization between large, phosphorylated tau 
aggregates and any hnRNP across each tauopathy. However, 
mislocalisation and tau isoform specific changes in hnRNP expression 
were observed, suggesting dysregulation in disease. hnRNPs are not 
present in large tau aggregates but are likely early disease-associated 
tau interactors which may have a role in driving early tau pathology. 
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AIMS
- Determine what proteins are consistently interacting 

with tau in disease states
- Determine if HNRNPs interact with phosphorylated 

tau across tauopathies

BACKGROUND

Tauopathies
Neurodegenerative diseases which accumulate misfolded aggregates 
of the protein tau (MAPT). Primary tauopathies include; PART, and 
frontotemporal dementia subtypes; CBD, PSP and Pick’s disease whilst 
secondary tauopathies include AD and MCI. Tau misfolds into different 
shapes and involves different isoforms of the protein in different 
tauopathies.

Novel Drug Targets are Needed
Dementia remains largely untreatable, with recent antibody 
treatments for amyloid beta providing no to very modest benefits and 
those against tau failing trials. To find new drug targets we look at 
interacting proteins that may alter the toxicity or aggregation profiles 
of tau.

Tau Interactome Studies Find Novel Targets
To understand which proteins interact with tau, studies have used a 
combination of genetic constructs and co-immunoprecipitations of full 
length or phosphorylated tau species. These studies then use mass-
spectrometry to assess the enrichment of interacting partners.

RNA Binding proteins
RNA binding proteins are of increasing interest for their role in 
tauopathy and mediating the toxic effects of tau. HNRNPA2B1 has 
been shown to modulate toxicity and aggregation of tau. HNRNPK also 
abnormally aggregates in the cytoplasm of neurons in FTD however 
not with large tau (or other disease protein) aggregates.



METHODS

Comprehensive Tau Interactome Analysis
We collated the interactome data from 7 human studies and 5 rodent 
studies. A vote counting approach was used to assess the consistency 
of tau interacting proteins identified across studies. Proteins were 
defined as consistent if present in 3/7 human studies or 2/5 rodent 
studies. Consistent proteins were then assessed for known protein-
protein interactions and ontologies to determine if they were random 
or consistent to specific biological processes.

pTau Interactome Comparison with Early and Late-stage 
Tau Pathologies
To identify proteins that interact with phosphorylated tau at early 
stages of pathology, we compared phosphorylated tau interactome 
datasets [Drummond 2020] to recent localized proteomics of 
granulovacuolar degeneration and neurofibrillary tangle pathology 
bearing neurons [Hondius 2021].  

Immunohistochemistry Imaging Study of Tau and HNRNPs
Fixed paraffin embedded human brain sections were provided by the 
Sydney brain bank and New York University Alzheimer’s Disease 
Centre Brain Bank. This included sections of frontal cortex and motor 
cortex of Control, CBD, PSP, and Pick’s disease patients and 
hippocampus sections for control, AD, MCI, PART, and Pick’s disease 
patients. Sections were rehydrated and antigens were retrieved by 
microwaving sections in citrate buffer. Sections were then stained in 
three batches for phosphorylated tau, HNRNP of interest and a nuclear 
stain. Sections were the imaged with a Nikon C2  confocal microscope 
at 40x magnification. 5x images were acquired per sample in the 
frontal and motor cortex. For the hippocampus fields of view were 
captured as follows; 2x dentate gyrus, 1x CA4, 1x CA3, 2x CA2, 2x CA1, 
2x Subiculum and 5x images into the entorhinal and temporal cortices. 
All images were captured in 4 channels with one empty to remove 
auto-fluorescent signal. Images were processed and  analyzed in FIJI.



Tau Interaction Studies Show Species Differences 
and Implicate RNA Binding Proteins

RESULTS

Accepted Molecular Neurodegeneration

Figure 1. Human tau interactome studies enrich for RNA 
binding protein. 
Protein-protein interaction networks of A. human and B. mouse 
interactome studies. Protein groups are highlighted. C. Cut-out of 
human tau interacting RNA binding proteins. D. GO enrichment terms 
for proteins that consistently interact with tau in human or mouse 
studies.






Tau Interactions in Early and Late-stage 
Pathology 
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Figure 2. Comparison of the Phosphorylated Tau 
Interactome and Proteome of GVD or NFT  Containing 
Neurons
A. Intersection between pTau interactome [Drummond 2020] and GVD 
or NFT bearing neurons [Hondius 2021] B. Gene enrichment network 
of proteins dysregulated in GVD or NFT bearing neruons and interact 
with pTau. Protein-protein interaction networks of proteins that are 
pTau interactors and dysregulated in C. GVD containing neurons and D. 
NFT containing neurons.






RNA Binding Proteins are Differentially 
Affected in Tauopathy
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Figure 3. Representative staining of HNRNPA1, A2B1 and K 
from the dentate gyrus. Control (CTRL), mild cognitive impairment 
(MCI), Alzheimer’s (AD) and Pick’s disease (PiD). Controls display 
nuclear staining with some cell specificity. MCI and AD have 
cytoplasmic aggregates of HNRNPK. PiD has a loss of all HNRNPs.






REFERENCES
• Drummond, E., Pires, G., MacMurray, C., Askenazi, M., Nayak, S., Bourdon, 

M., . . . Wisniewski, T. (2020). Phosphorylated tau interactome in the 
human Alzheimer’s disease brain. Brain. doi:10.1093/brain/awaa223

• Hondius, D. C., Koopmans, F., Leistner, C., Pita-Illobre, D., Peferoen-Baert, 
R. M., Marbus, F., . . . Smit, A. B. (2021). The proteome of granulovacuolar 
degeneration and neurofibrillary tangles in Alzheimer’s disease. Acta 
neuropathologica, 141(3), 341-358. doi:10.1007/s00401-020-02261-4

CONCLUSION
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• Tau interactome studies are surprisingly 
consistent and highlight many overlooked 
pathways that my influence neurodegeneration

• Human and mouse tau interactome studies are 
not highly consistent

• Mouse interactome studies provide results 
consistent with human tau interactomes for 
trafficking, 14-3-3, cytoskeletal and protein folding 
pathways

• Comparing tau interacting proteins with proteins 
dysregulated in GVD or NFT bearing neurons 
suggests HNRNPs are dysregulated early in 
pathology development

• HNRNPs show tau isoform specific dysregulation 
across tauopathies but do not colocalize with 
large tau aggregates


	Tomas Kavanagh, Aditi Halder, Glenda Halliday, Eleanor Drummond�The University of Sydney, School of Medical Sciences, Brain and Mind Centre, Sydney, Australia
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7

